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INFECTIOUS MYXOMATOSIS OF RABBITS 
Preparation of Elementary Bodies and Studies of 
Serologically Active Materials Associated 
with the Disease 

Bv THOMAS M. RIVERS, M.D., and S. M. WARD 
( From the Hospital oj The Rockefeller Institute for Medical Research ) 
Plates 1 and 2 

(Received for publication, April S, 1937) 

In order to secure further knowledge of the nature of different 
viruses and to investigate the immunological relation of closely re- 
lated ones, it is advantageous if not absolutely essential that the in- 
fectious agents be obtained in a relatively pure state in amounts 
adequate for thorough study. The manner in which this can be 
accomplished varies with the virus under investigation. Stanley 
(1) has demonstrated that precipitation and crystallization are meth- 
ods whereby large amounts of certain plant viruses can be obtained. 
Ledingham (2) showed that by differential centrifugation the elemen- 
tary bodies of vaccinia and fowl pox, which either represent the infec- 
tious units of these maladies or with which they are intimately asso- 
ciated, can be obtained in a state sufficiei re for purposes of 
serological investigations in which a covers!^ technique is used. 
Craigie (3) also used differential centrifugation ;or the collection of 
elementary bodies of vaccinia, but his method is more practicable 
than Ledingham’s in that large amounts of the bodies in a relatively 
pure state can be obtained with ease and regularity. Parker and 
Rivers (4) have made extensive use of Craigie’s method in their 
chemical and immunological studies of the elementary bodies of vac- 
cinia. 

The discovery by Berry and Dedrick (S) that the Shope fibroma 
virus can be transformed into the agent causing infectious myxoma- 
tosis of rabbits, and the fact that Hurst (6) by intracerebral passages 

1 



2 


ELEMENTARY BODIES OF MYXOMA 


of the myxoma virus gradually changed it into a neuromyxoma virus 
different m certain respects from the other two, have focussed atten- 
tion on these active agents and made it desirable that one or all of 
them be obtained in amounts and in a state of purity suitable for ex- 
tensive chemical and serological studies. Indeed, Ledingham (7) 
has already reported that he is able to secure elementary bodies from 
tissues infected either with the myxoma virus or with the fibroma 
virus, in amounts sufficient for slide agglutinations the results of 
which indicate a serological relation between the bodies from the two 
diseases. 

A number of years ago, Rivers (8) showed that myxoma virus not 
only attacks subcutaneous tissues but also infects epithelial cells of 
the skin; this involvement of the epithelial cells manifests itself by 
the appearance of cytoplasmic inclusions, hyperplasia, and necrosis. 
In view of these facts it seemed logical to use extensive areas of prop- 
erly prepared epithelial cells in attempts to obtain large amounts of 
elementary bodies of myxoma by a technique similar to that devised 
by Craigie (3) and later used by Parker and Rivers (4) for the collec- 
tion of elementary bodies of vaccinia. The purpose of this paper is 
to describe the method used for the collection and purification of 
elementary bodies of myxoma and to record the results of some serolog- 
ical reactions obtained with them and with materials freed from them. 

Materials and Methods 

Rabbits.— Large rabbits without defects in the skin were employed. Since 
work with vaccine virus is also being conducted in the laboratory, only rabbits 
that had recovered from a vaccinal infection were used for the preparation of 
elementary bodies of myxoma. This precaution was found by experience to be 
essential because the myxoma virus became contaminated with vaccine virus 

when the precaution was not observed. 

Virus . — The myxoma virus used in this work was obtained in 1926 from 
Dr. A. Moses of Brazil through Dr. C. E. Simon;, it is the strain with which 

Shope, Berry, and Hurst have conducted their experiments.. 

Titration for Infedivily of Virus .— The titer of the infectivity of the. virus was 
determined by intradermal inoculations in rabbits of 0.25 cc. of seria ten o 

dilutions of the materials being tested. 

Centrifugation — All angle centrifugation was conducted m a cold room at a 

temperature of about 
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Preparation of Elementary Bodies 

Elementary bodies of infectious myxomatosis of rabbits can be 
prepared in the following manner. 

After the fur over a large part of the back and flanks has been removed by 
clippers, the skin is soaped and carefully shaved; the soap is removed by thorough 
washing. Then a 10 per cent, bacteria-frcc emulsion of subcutaneous nodules 
produced by myxoma virus is applied to the shaved surface with a small pad of 
100 mesh wire held by means of a hemostat. Shaving and scarification must not 
be severe, as too great injury to the skin results in excessive formation of scabs. 
During the 1st day after scarification the skin is diffusely red. The redness dis- 
appears, and on the 3rd day thickening of the skin, at first often in discrete areas, 
is observed. Then the skin gradually becomes more generally thickened and 
erythematous until by the 5th day the entire shaved surface is very thick, dark 
red in color, and marked by folds. Through experience it has been found that 
the 5th day after inoculation is the best time for harvesting the elementary bodies. 

The animal is killed by intravenous injection of air and the infected skin is 
removed in one piece, care being taken not to get the outer surface soiled with 
blood; it is then thoroughly stretched and pinned down on a board. Frequently 
the surface is covered with thin dry crusts which one can easily remove by moisten- 
ing the surface with ether and brushing it lightly with a towel. 10 cc. of a 0.00 4 m 
citric acid-disodium phosphate buffer solution, pH 7.0 -7.2, is poured over the 
surface which is then scraped fairly vigorously with a scalpel. The yellowish 
cloudy material is collected by means of a spoon, and the procedure is repeated 
with another 10 cc. of the buffer solution. The combined scrapings are shaken 
vigorously and spun for 5 minutes at 3000 r.p.m. in a horizontal centrifuge. The 
supernatant fluid is saved and the sediment is thoroughly shaken with 5 cc. of 
buffer solution. This suspension is spun 5 minutes at 3000 R.P.M. in the horizontal 
centrifuge; the supernatant fluid is added to the first and the sediment is discarded. 
The pooled supernatant fluids are again spun 5 minutes at 3000 r.p.m, in the 
horizontal centrifuge. The supernatant fluid, from which most of the large 
particles of debris have thus been removed, fs then transferred to flat pyrex tubes, 
11 cm. long with internal diameters of 3 and 14 mm., and spun for an hour in an 
angle centrifuge at 3000 R.P.M. The supernatant fluid is saved for serological 
work and the sediment is resuspended in the same volume of buffer solution and 
spun for an hour in the angle centrifuge. The supernatant fluid is discarded and 
the sediment, resuspended in the same volume of buffer solution, is spun once 
more in the angle centrifuge for an hour at 3000 r.p.m. The supernatant fluid is 
again discarded and the sediment, resuspended in a quarter to a half of the original 
volume (20-25 cc.) of buffer solution, is spun for an hour in a horizontal centrifuge 
at 3000 r.p.m. The whitish, somewhat opalescent supernatant fluid which con- 
tains the washed elementary bodies is removed and used for studies by means of 
stains, titrations of infectivity, and serological reactions. 
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Sections for microscopic examination of skin removed on the 5th 
day after inoculation for the preparation of elementary bodies show 
(Figs. 1, 2) a marked thickening of the epithelial layer of cells; the 
number of cells is greater than that seen in normal skin, individual 
cells are larger than normal, the intercellular bridges are damaged or 
have disappeared, and many cells contain acidophilic cytoplasmic 
inclusions. The photographs demonstrate the superficial nature of 
the infection and indicate the reason why skin handled in the manner 
described is suitable for obtaining large amounts of elementary bodies 
of myxoma. 

Four rabbits are usually handled in the same experiment in the 
manner described. In this way one obtains 25—50 cc. of a suspension 
of washed elementary bodies in a relatively pure state. When more 
than one rabbit is used, however, it should be remembered that the 
first part of the procedure, i.e., the harvesting of the material from 
the rabbits and the collection of the first and second supernatant 
fluids by means of the horizontal centrifuge, must be carried out 
separately for each rabbit, after which all the supernatant fluids may 
be pooled before treatment in the angle centrifuge. This is necessary 
because the speed with which the coarse particles are removed from 
the suspensions seems to influence the number and the purity of the 
elementary bodies in the final preparations. 

When smears from properly prepared suspensions are stained accord- 
ing to Morosow’s (9) method, numerous round black bodies are seen 
(Fig. 3) . Most of the bodies are discretely distributed but some occur 
in aggregations of two and three. A certain amount of brownish 
amorphous material, some of which is from the tannic acid used as 
a mordant, is observed in the spaces between the bodies. 

Although repeated ■washing does not result in a suspension con- 
taining nothing but elementary bodies, the major portion of the par- 
ticulate matter consists of them. Furthermore, the procedure insures 
the discarding or marked dilution of soluble components of the ma- 
terial harvested from the animals. In any event, a comparison of 
titers of the infectivity of suspension of washed bodies with those of 
suspensions before treatment in the angle centrifuge indicates that 
there is no great loss of infectivity due to the repeated washing. 
Three examples may be cited. In one, the suspension of unwashed 
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bodies (75 cc.) from 3 rabbits titered 10~ s , while the thrice washed 
bodies (35 cc.) just before the final spinning in the horizontal centri- 
fuge titered 10-’. In the second, the suspension of unwashed 
bodies (100 cc.) from 4 rabbits titered 10 - ’ and the thrice washed 
bodies (40 cc.) after being spun for an hour in the horizontal centri- 
fuge titered 10~ 7 ; a certain amount of the bodies is always thrown 
down and lost during the last treatment in the horizontal centrifuge. 
The third example is that in which the suspension of unwashed bodies 
(50 cc.) from 2 rabbits titered 10 -7 while the thrice washed bodies 
(15 cc.) after an hour’s spinning in the horizontal centrifuge titered 
10 -7 . Although the titers in this instance were the same, a number 
of bodies were lost as a result of the last spinning in the horizontal 
centrifuge; this fact becomes obvious when one realizes that the 
original suspension was in 50 cc. while the final one was in 15 cc., 
and that the lesions produced by the washed bodies were not so 
large as those caused by the untreated material. 

Further evidence that the elementary bodies represent the virus 
of infectious myxomatosis or that the virus is intimately associated 
with them is obtained by a comparison of the infective titer of the 
supernatant fluid with that of the sediment made back to original 
volume after thorough sedimentation in an angle centrifuge. In 
such an experiment a suspension of elementary' bodies that had been 
washed five times was spun in an air-driven angle centrifuge (10) 
for an hour at 14,000 r.p.m. Before centrifugation the suspension 
titered 10—*; after centrifugation the supernatant fluid titered 10 _1 
while the titer of the sediment made back to volume was 10”‘. It is 
almost impossible to sterilize the supernatant fluid by ordinary cen- 
trifugation because the elementary' bodies adhere to the walls of the 
tubes and become detached when the supernatant fluid is removed. 

Vaccinal elementary bodies are harvested on the 3rd day after 
inoculation of the rabbits and a marked clumping of the bodies 
during the process of washing never occurs. Consequently, there is 
no great loss of the bodies during the last sedimentation in the hori- 
zontal centrifuge. The 5th day after inoculation of the animals 
appears to be the best time to harvest the elementary bodies of 
myxoma, and during the process of washing many of the bodies 
arrange themselves in clumps which are thrown down and lost during 



8 


ELEMENTARY BODIES OE MYXOMA 


tissue. Thereafter intradermal and subcutaneous inoculations of myxoma virus 
are continued for a period of 2 months, 2 cc. of a 10 per cent emulsion being ad- 
ministered at weekly or semiweekly intervals. At the end of this time 2 intra- 
peritoneal injections, 1 cc. and 2 cc. respectively, of suspensions of elementary 
bodies, prepared according to the method described above and rendered free from 
viable bacteria by means of ether, are given; an interval of 4 days separates the 
2 injections. Finally, 2 days after the last intraperitoneal inoculation, 2 cc. of a 
10 per cent emulsion of infectious tissue are inoculated intradermally and sub- 
cutaneously. A week after the last inoculation the animals are bled and the serum 
is collected and inactivated. 

Antifibroma Serum . — Just prior to the inoculation of myxoma virus and a month 
after the animals had been infected with fibroma virus, serum was collected from 
the rabbits for serological work. 

Control Serum . — Serum from normal rabbits or from rabbits convalescent from 
vaccinal infections was used as a control. 

Preparations of Materials for Precipitin Reactions. — Virus-free precipitinogens 
have been prepared from two sources, (a) It was stated above that the super- 
natant fluid resulting from the first sedimentation in the angle centrifuge of 
material harvested from the skin of an infected animal is saved for serological 
studies. This slightly infectious and somewhat cloudy fluid is rendered clear 
and free from virus by rapid passage through a Seitz filter through which 10 cc. 
of broth containing 10 per cent of normal rabbit serum has previously been filtered; 
the filtrates are tested for the presence of active virus by intradermal inoculation 
of rabbits. (6) Blood taken from rabbits 5 days after extensive inoculation of the 
scarified skin is always infectious; the serum collected from such blood after 
clotting has in our experience been free from demonstrable amounts of virus or has 
contained very little of the infectious agent. Nevertheless, in our work regarding 
the presence of soluble antigens in such serum we always filter it through a Seitz 
pad as described above, and then test for the presence of virus by inoculation of 
animals. 

Agglutination Reactions . — The agglutination reactions are performed in the 
manner described by Craigie (3) and by Parker and Rivers (4). Different dilu- 
tions of the i mm une sera are made with physiological salt solution brought to 
pH 7.0 by the addition of 1 cc. of a 0.2 M citric acid-disodium phosphate buffer 
solution to each 100 cc. It is advisable to prepare the saline solution for each set 
of tests with recently boiled distilled water. The use of other diluents may cause 
a non-specific agglutination of the elementary bodies. 0.25 cc. of each dilution 
of serum is placed in pyrex test tubes with outside dimensions of 10 x 75 mm. 
To each tube is then added 0.25 cc. of a suspension of washed elementary bodies. 
Light suspensions of bodies yield the best results, the proper density being learned 
by experience. Controls are included in every experiment. The tubes are 
covered in a manner (12) to prevent evaporation and are placed in an incubator 
at 50°C. for 18-20 hours. 

Precipitin Reactions . — Usually the proper dilution of precipitinogen for pre 



TABLE I 

Summary of Results of Agglutination Reactions Conducted with Antimyxoma Serum , Normal Serum , and Three Preparations of 

Myxoma Elementary Bodies 
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cipitation reactions is determined by preliminary titrations. (12). For the type 
of work described at the present time this is not essential. Dermal filtrates or 
sera that are being tested for precipitinogens are arbitrarily used undiluted and 
diluted 1:2 and 1:4. Different dilutions of immune serum and control serum 
are made and distributed in pyrex tubes as described for agglutination reactions. 
To the material in each tube is added an equal amount of the dermal filtrate or 
serum which is being tested for the presence of precipitinogens. At times varying 
dilutions of the material being tested for precipitinogens are used, and to them 
are added equal amounts of the immune or control serum diluted 1:2,1 :4, or 1 :8. 
The mixtures, protected against evaporation, are incubated at 50°C. for 1S-20 
hours. 


TABLE II 

Summary of Results of Agglutination Reactions Conducted with Myxoma Elementary 
Bodies and Antimyxoma Serum, Antivaccinal Serum, Antifibroma Serum, and 
Normal Serum, Respectively 


Myxoma elementary bodies (7481) plus 

Dilution of serum 

Undi- 

luted 

1:2 

1:4 

1:8 

1:16 





Antimyxoma serum 

+ 

++. 

++, 

++: 

++ 

BS 


++j 

+ 

Antifibroma serum 

+ 

+ 


++ 

+ + 

Q 


a 

- 

Antivaccinal serum 

=fc 


++j 

- 

- 

H 


B 

- 

Normal serum 

+ | 

+ | 


— 

n 

1 


B 

*— 


Pluses indicate degree of agglutination. Controls of elementary bodies and 
the different sera were negative. 


A number of agglutination and precipitation tests have been con- 
ducted; the former were made with washed elementary bodies pre- 
pared with and without trypsin, while the latter were done with 
dermal filtrates and filtered serum from animals acutely ill with 
myxoma. The materials used for the precipitation tests contained 
no elementary bodies and were not infective. Serum from animals 
recovering from fibroma, hyperimmune antimyxoma serum prepared 
in rabbits immune to fibroma, hyperimmune antivaccinal serum, 
and^normal serumjwere used. An examination of the results, some 
of which are summarized in Tables I to V, indicates (a) that the ele- 
mentary bodies of myxoma are specifically agglutinated by anti- 
myxoma serum, (b) that a certain amount of agglutination of myxoma 
elementary’’ bodies occurs in the presence of convalescent fibroma 
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TABLE III 


Summary oj Results of Precipitation Reactions Conducted with Two Dilutions of o 
Myxoma Dermal Filtrate and Antimyxoma Scrum , Antivaccinal Serum, and 
Normal Serum, Respectively 


Antimyxoraa scrum plus 

Dilution of scrum 

Undi- 

luted 

1:2 

1:4 

++ 

++ 

1:8 

++ 

1:16 

1.32 

+ 

+ 

1:64 

1:128 

1:256 

Myxoma filtrate 1:2 

“ “ 1:4 

+ 

++ 

++ 

i 4* 
+ 

rfc 

Antivaccinal serum plus 


Myxoma filtrate 1:2 

- 

- 

_ l 

- 

_ i 

- 

- 

- ! 

- 











Normal scrum plus 


Myxoma filtrate 1:2 

“ “ 1:4 

- 

- 

- 

- 

- 

- 

- 

- 

- 


Pluses indicate degree of precipitation. The dermal filtrate was prepared 
in the manner described in the text and was not infective. 


TABLE IV 


Summary of Results of Precipitation Reactions Conducted with Two Dilutions of a 
Myxoma Dermal Filtrate and Antimyxoma Serum, Anlifibroma Serum, and 
Normal Serum, Respectively 


Antimyxoraa scrum plus 

Dilution of scrum 

Undi- 

luted 

1:2 

1:4 

1:8 

'^16 

4* 

+ 

1 1:32 

+ 

| + 

1:64 

rfc 

rfc 

1:128 

1:256 

Myroma filtrate 1:2 

“ “ 1:4 

=fc 

i rfc 

+ + 
4*+ 

++ 

++ 

++ 

+ 

Antifibroma serum plus 

1 

Myroma filtrate 1:2 

rfc 

n 

n 

B 


H 

B 

B 


" “ 1:4 

rfc | 

Ea 

H 

is 

B 

B 

B 

1 

- 

Normal serum plus 


Myxoma filtrate 1:2 

■ 

B 

B 

H 

B 

B 

B 

B 

PB 

“ “ 1:4 

m 

H 


1 

B 


B 




Pluses indicate degree of precipitation, the dermal filtrate was prepared in 
the manner described in the text and was not infective. 
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serum, a result to be expected in view of previous work of Shope (11), 
Berry and Dedrick (5), Berry and Lichty (13), and Ledingham (7)’ 
(c) that a specific precipitate occurs when a myxoma virus-free dermal 
filtrate is mixed with antimyxoma serum, (d) that a mixture of serum 
from a rabbit convalescent from fibroma with a myxoma virus-free 
dermal filtrate results in a precipitation less marked than the one 
just described, and (e) that in the serum of an animal acutely ill 
with myxoma a specific non-infectious precipitinogen occurs. There 

TABLE V 

Summary of Results of Precipitation Reactions Conducted with Mixtures of Normal 
Scrum, Antimyxoma Serum, and Antivaccinal Serum, Respectively, with Two 
Dilutions of Serum Collected from Rabbits Acutely III with Myxoma 



Pluses indicate degree of precipitation. The serum from myxomatous rabbits 
containing the precipitinogen was collected and prepared according to the manner 
described in the text. 


are some indications that elementary bodies prepared with tiypsin 
are more likely to undergo spontaneous agglutination and are less 
agglutinable by specific serum than are bodies handled according to 
routine. It is not clear whether these differences are due to the use 
of trypsin or to the additional washings incident to the use of trypsin. 

• COMMENTS AND SUMMARY 

From the results of the experiments described in this paper it is 
obvious that large amounts of elementary bodies of myxoma can be 
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obtained in a relatively pure state by means of the methods used. 
Furthermore, it is evident that infectious myxomatosis is a viral 
disease in which elementary bodies of the same order of magnitude 
as vaccinal elementary bodies play a conspicuous role in that they 
either represent the etiological agent or are intimately associated with 
it. The bodies are specifically agglutinated by antimyxoma serum 
and are agglutinated to a less extent by serum from rabbits convalesc- 
ing from fibroma, a disease closely related to myxoma. In virus-free 
filtrates of emulsions prepared from infected skin there is a soluble 
precipitinogen or precipitinogens specific for the malady. Moreover, 
a specific precipitinogen or precipitinogens are demonstrable in virus- 
free serum of animals acutely ill as a result of extensive infection with 
myxoma virus. It is believed that this is the second viral disease, 
yellow fever (14) being the first, in which a specific soluble antigen 
free from virus has been found in the serum of ill animals. 
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EXPLANATION OF PLATES 
Plate 1 

Fig. 1. Photograph of section of skin infected with myxoma virus. The 
inoculation was made in manner described in text and the skin was removed 5 days 
later. Marked hyperplasia of the epithelial cells has occurred; many of the cells 
contain cytoplasmic inclusions and are beginning to undergo disintegration. 
Hematoxylin and eosin. X 400. 

Fig. 2. High magnification of epithelial cells infected with myxoma virus 
showing cytoplasmic inclusions. Hematoxylin and eosin. X 1000. 





Plate 2 

Fig. 3. Washed elementary bodies of myxoma prepared according to routine. 
Morosow’s stain. X 1000. 

Fig. 4. Washed elementary bodies of myxoma salvaged by means of trypsin 
from the sediment resulting from the last horizontal centrifugation in the routine 
method described in the text. Morosow’s stain. X 1000. 

Fig. 5. Washed elementary bodies prepared according to routine except 
that clumping was prevented by the addition of a small amount of trypsin to the 
material harvested from rabbits prior to its treatment in the angle centrifuge. 
Morosoiv’s stain. X 1000. 

Fig. 6. Sediment consisting of clumped elementary bodies resulting from the 
last horizontal centrifugation in the routine method of preparation of such bodies 
described in the text. Morosow’s stain. X 1000. 

Fig. 7. To the sediment, a sample of which is shown in Fig. 6, a small amount 
of trypsin was added. Immediately the clumps were disrupted and the elemen- 
tary bodies became discretely distributed as depicted. Morosow’s stain. X 1000. 
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INFLUENCE OF HOST FACTORS ON NEUROINVASIVENESS 
OF VESICULAR STOMATITIS VIRUS 


I, Effect of Age on tiie Invasion of the Brain by Virus Instilled 
in tiie Nose* 

By ALBERT B. SABIN, M.D., and PETER K. 01.ITSKY, M.D. 

( From the Laboratories of The Rockefeller Institute for Medical Research) 
(Received for publication, March 24, 1917) 

An unusual type of acquired resistance of growing animals to infec- 
tion with certain ncurotropic viruses was described in a previous 
communication (1). This resistance was associated neither with 
prior exposure to infection, nor with antiviral bodies in the blood. 
Moreover, it was demonstrable when the virus was injected by periph- 
eral routes but not when inoculated directly into the brain. It 
appeared, therefore, that certain changes in the host, associated with 
or the result of the process of growth, could either modify or com- 
pletely suppress the effects of peripherally inoculated virus. The pur- 
pose of the present investigation was to determine the mechanism of 
this resistance and to ascertain as far as possible the nature of the host 
changes responsible for it. ' , '' 

Methods 

For an analysis of the factors underlying the resistance of older 
animals to peripheral inoculation of the neurotropic viruses under 
investigation, it was necessary to know in each instance how the virus 
acted in animals succumbing to infection, i.c., (a) whether or not a 
primary phase of systemic infection was induced; (6) from which 
tissues and by what routes it spread to the central nervous system 
(C.N.S.); and (c) what course it pursued after the latter had been 

* Preliminary communication presented before the Joint Meeting of the Ameri- 
can Association of Immunologists and The American Association of Pathologists 
and Bacteriologists, April 9, 1936; for abstract see Am. J. Path., 1936, 12, 738; 
J ■ Immunol , 1936, 30, 398 
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invaded. The primary objective, therefore, was to obtain precise 
data on the pathogenesis of the experimental disease in susceptible 
animals, and at the same time to determine the variations associated 
vdth natural resistance. 

Virus and Animals . — The present study was carried out with the immunolog- 
ically distinct New Jersey and Indiana strains of vesicular stomatitis virus in 
Rockefeller Institute albino mice of known ages. Unless otherwise indicated, 
freshly passaged virus was used. The brains of two or three mice succumbing 



Fig. 1. Dorsal and ventral aspects of mouse brain. O.B., olfactory bulb; T.O., 
tuberculum olfactorium; L.P., lobus pyriformis; M.B., mammillary body; line A, 
line along which the brain was sectioned into anterior rhinencephalon and re- 
mainder of the brain. 

after intracerebral injection were ground with alundum and sufficient hormone 
broth to make a 10 per cent suspension. The supernatant fluid obtained after 
horizontal centrifugation at about 2,000 r.p.m. for 10 minutes was designated as 
the 1 : 10 dilution of virus. The virus suspension was titrated in each experiment 
to establish the approximate number of minimal cerebral lethal doses (m.c.L.d.) 
which were inoculated into animals. Dilutions of 10 -5 , 10 , and 10 weregnen 
intracerebrally to groups of two or three mice for each dilution (0.03 cc. for eac 
mouse). Death within 10 days of one animal with characteristic signs o en- 
cephalitis established the infectivity of the dilution employed. 
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Tests for Virus in Inoculated Animals. — Mice sacrificed at various intervals 
after inoculation were anesthetized and bled to death by cardiac puncture. Blood 
to be examined for virus content was drawn into a sterile syringe containing 
heparin. The presence of virus in various tissues was determined by grinding 
them in broth, usually without alundum, and by injecting 0.03 cc. of the whole 
suspensions, or their dilutions, into the brain of each of two or three mice (3 to 4 
weeks old animals were used in tests for virus and for titrations). Mice dying 
within 24 hours were discarded, since death proved to be due to injury or bacterial 
contamination. When mice became ill or died within 10 days, film preparations 
of their brains were examined for organisms; if none was seen, passage was fre- 
quently made to establish that the virus was the cause of death. Signs of enceph- 
alomyelitis developing later than 10 days, with one exception, proved not to be 
due to vesicular stomatitis virus. In three different experiments cnccphalomye- 
litis occurred 15 to 17 days after intracerebral inoculation of mouse blood in one 
instance and of mouse brain in the other two. A virus was isolated from the first 
mouse, which after an intensive study proved to be similar to the virus of mouse 
spontaneous encephalitis described by Theilcr (2). In two other experiments 
animals developed marked circling and ataxia about 15 days after inoculation; 
neither bacteria nor virus was recovered from them. 

Methods of Examination of Nervous Tissues. — At this point it should be recalled 
that the gross anatomy of the brain of the mouse varies somewhat from that of 
the rat, guinea pig, and rabbit in the prominence of certain important landmarks. 
In the mouse the rhinal fissure is very faint, in places even indiscernible in fresh 
specimens, and extends rather more dorsally, so that the entire ventral and 
ventrolateral aspects of the cortex to cither side of the diencephalic and mes- 
encephalic structures and caudad to the optic chiasm constitute the pyriform lobes 
(Fig. 1). Just anterior to the optic chiasm are the olfactory tubercles, represented 
by two protuberances which are much more prominent than in the other rodents. 

Since different parts of the brain were separately studied for virus content, care 
was taken to avoid contamination of one part with another when removing the 
organ from the cranial cavity. Separate sterile instruments were used in obtaining 
particular structures. 

After nasal instillation, the brain was usually separated into two parts: it was 
cut at the level of the optic chiasm (line A, Fig. 1), obliquely, anteriorly, and ven- 
trodorsally. The anterior portion, hereafter referred to as “anterior rhinen- 
cephalon,” thus comprised chiefly the olfactory bulbs, tracts, and tubercles, por- 
tions of the remaining rhinencephalic cortex anterior to the optic'chiasm, and parts 
of the corpus striatum. The posterior portion, designated as “remainder of the 
brain/' was made up of what was left of the brain, including the cerebellum, pons, 
and medulla. 

Test for Virus in Nasal Mucosa. — The skin was reflected aseptically and the 
entire nasal contents, mucosa, cartilage, and bone, were scraped out, taking care 
to leave the cribriform plate intact to avoid inclusion of olfactory bulb material. 
The scrapings were ground with alundum and 2 cc. of hormone broth, and cen- 
trifuged horizontally at about 2,000 r.p.m. for 45 minutes to sediment most of the 
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bacteria. The supernatant liquid and dilutions thereof in broth could be injected 
intracerebrally in mice without inducing bacterial meningitis. 

EXPERIMENTAL 

Distribution of Virus in Young Mice Succumbing to Infection by 
Cerebral or Nasal Routes. — The purpose of this experiment was to 
disclose any evidence of a generalized infection at the termination of 
the disease in young mice given the virus intracerebrally 1 or intra- 
nasally. 


TABLE i 

Distribution of Vesicular Stomatitis Virus in Various Tissues of Mice Succumbing 
to Intranasal or Intracerebral Inoculation 


Tissue tested for virus 

From mice succumbing after 

Nasal instillation 
of V.S.-NJ. 

Intracerebral inoculation 
of V.S.-Ind. 

Blood 

0,0 

0,0 

Lungs 

0,0 

0,0 

Spleen r 

0,0 

0,0 

Liver 

0,0 

0,0 

Suprarenals 

0,0 

n. t. 

Sciatic nerves 

0,0 

tt 

Brain 

2,2 

2,2 


V.S.-N.J., V.S.-Ind. = vesicular stomatitis virus, New Jersey or Indiana 


strains. 

n. t. = no test was made. 

Numbers indicate the day of death of individual mice, 0 signifying survival. 

15 day old mice were inoculated intracerebrally or intranasally with the New 
Jersey or Indiana strains of virus. Mice receiving virus in the brain died within 
2 days, and in the nose, within 5 days. When prostrate, they were exsanguinated. 
The blood, lungs, spleen, liver, suprarenals, sciatic nerves, and brain from each of 
two mice were pooled and tested for virus. Approximately 10 per cent suspensions 
of the organs in broth were used for injections into the brain. 

The results (Table I) indicate that among the tissues examined, 
only the brain contained virus. 'While this experiment does not 
entirely eliminate the possibility of a mild infection of some of the 
organs at an earlier stage of the disease, particularly in the nasally 

1 All such operations were done with the aid of ether anesthesia. 
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infected mice in which the disease lasted for 5 days, it offers no evidence 
that generalized infection occurred. In the intracerebrally injected 
mice, in which the disease lasted only 2 days, there is little doubt that 
neither the spleen, liver, nor lung was attacked by the virus. 

Virus in Various Tissues of Young and Old Mice al Intervals after 
Nasal Instillation . — The present experiment was designed to show 
(a) whether virus was demonstrable in the blood at any time after 
nasal instillation of relatively large amounts (10' to 10 s M.C.L.D.); ( b ) 
whether it multiplied at any time in the lung or spleen; (c) how soon 
it could be revealed in the C.N.S.; and (d) how the results obtained 
in the uniformly susceptible, IS day old mice compared with those 
in 1 year old animals. 

15 day and 1 year old mice were given intranasally 0.03 cc. of 1 : 100 dilution of 
virus (10 s M.C.L.D., N. J. strain). At intervals indicated in Table II, two young 
and two old animals were sacrificed. The blood or organ suspensions of the two 
mice from each group were pooled and 0.03 cc. injected intracerebrally into each 
of three test mice. On the 4th day after nasal instillation, the young animals 
showed signs of C.N.S. involvement and all of them were dead on the next day, 
while all the old ones remained well during the 6 days of the test. 

The experiment recorded in Table II presents the results of tests for 
virus in the blood, lung, spleen, and the olfactory brain anterior to 
the optic chiasm including the bulbs. Neither the young nor old 
mice exhibited virus in the blood examined at 3 to 5 minutes, 5 and 
24 hours, 2, 4, and 6 days after instillation. Nor was virus found in 
the spleens of animals of both groups, on the 2nd, 4tli, and 6th days. 
The lungs of old mice had no demonstrable virus, while a small a mount 
was detected in these organs of the young in the 2nd, and none on the 
4th day. Relatively large amounts (as expressed by the short incuba- 
tion period and death of all the test mice) were present in the anterior 
rhinencephalon of the young on the 2nd and 4th days. The striking 
finding was the recovery of virus from the anterior olfactory region of 
the old mice, apparently in small amount on the 2nd, and in larger 
quantity on the 4th and 6th days. 

These results reveal again that no generalized systemic infection 
follows nasal instillation of the virus in either young or old mice, and 
that the C.N.S. is invaded in old mice, as well as in young animals that 
readily succumb to infection. 
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Extent of Vims Invasion in the Central Nervous System of Young and 
Old Mice after Nasal Instillation. — In the preceding experiment in 
which only the rhinencephalon anterior to the optic chiasm was tested, 
it was disclosed that virus was present in this region in both young 
and old mice, although in apparently greater concentration in the 

table n 


Invasion of Various Tissues of Young and Old Mice at Different Intervals after 
Nasal Instillation of New Jersey Vesicular Stomatitis Virus 


Tissue tested for virus* 

Time after nasal 
instillation 

Age of mice supplying tissues 

15 days 

Average weight, 
6.5 gm. 

About 1 yr. 
Average weight, 

35 gm. 

Heparinized blood 

3-5 min. 

0,0,0 

1 * 


5 hrs. 

0,0,0 

SijMSk 


24 “ 

0,0,0 



2 days 

0 , 0 , 0 



4 “ 

0,0,0 



6 “ 

t 


Lungs 

2 “ 

3,6,0 

0,0,0 


4 “ 

0,0,0 

0,0,0 


6 “ 

t 

0,0,0 

Spleen 

2 “ 

0,0,0 

0,0,0 


4 “ 

0,0,0 

0,0,0 


6 “ 

t 

0,0,0 

Anterior rhinencephalon 

2 " 

2, 2,2 

8,0,0 


4 “ 

2, 2,2 

2,2,8 


6 “ 

t 

4,4,0 


Figures as in Table I. 

* Tissues from two mice were pooled for these tests. 

t Young mice were either dead or prostate from virus infection on 5th day, so 
that none was examined for virus later than 5 days. 

former. It was pointed out in the previous communication (1) that 
while most 1 year old mice are resistant to nasal instillation of t e 
vesicular stomatitis virus, a certain number develop encephalomyelitis 
8 to 14 days after inoculation, and that of these some survive wi 
persistent paralysis or other signs of encephalitis. The num er w ose 
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resistance is reflected only in a delayed incubation period or survival 
has been found to vary in different groups of mice and to depend to a 
degree upon the quantity of virus instilled intranasally. Thus, while a 
IQ- 1 or 10-' dilution (about 10’ or 10’ m.c.l.d.) given by way of the 
nose is fatal for almost all IS day old mice, it proved exceptional for 
one out of a group of ten 1 year old animals to succumb. When 10’ or 
more m.c.l.d. of virus are instilled, the number of old mice which 
develop encephalomyelitis increases. In different experiments the 
number varied from one to five mice out of groups of ten. It may be 
mentioned here that resistance to intramuscular injection is much 
more complete in that not a single old mouse of the many inoculated 
thus far has shown any signs of disease, even after inoculations of 10 
million cerebral lethal doses. 

For a study of the fate of the virus in the C.N.S. of resistant old 
mice inoculated intranasally, it was necessary therefore to study 
material from individual mice rather than the pooled specimens from 
several animals, and also to investigate the course of events with a 
dose of virus which is almost constantly fatal for IS day old, and 
almost constantly ineffective in 1 year old mice. In view of the 
suggestion in. the preceding experiment that the brain of resistant 
mice may be invaded by virus, it was desirable to determine whether 
it was present in the entire C.N.S. or limited to certain regions only. ' 

To investigate the latter point it was proposed to test for virus in 
two parts of the brain: (a) the rhinencephalic cortex (including part 
of the corpus striatum) anterior to the optic chiasm, and (6) the 
remainder of the brain including the cerebellum, pons, and medulla. 

15 day and 1 year old mice which received intranasally 0.03 cc. of 10“’ dilution 
of the N. J. strain of virus (10* to 10 5 m.c.l.d.) were sacrificed at the following 
intervals after instillation: 3 to 5 minutes, 5 hours, and 2, 3, 5, 7, 10, and 16 days. 
All the young mice showed signs of encephalitis on the 4th, and were either dead 
or prostrate on the 5th day, so that none of them was examined for the presence of 
virus later than 5 days. None of the 1 year old mice which were sacrificed for 
these tests exhibited any signs of disease. 

Another group of 15 day old and 1 year old mice was given 0,03 cc. of 10- 5 
dilution of the same virus suspension (10 s to 10* m.c.l.d.) in the nares, and individ- 
uals were sacrificed at 2, 3, 5, 7, and 10 day intervals. Here again the young 
succumbed on the 5th day, while none of the old animals showed signs of disease. 

The anterior rhinencephalon was ground in 0.3 cc. and the remainder of the 
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brain in 1 cc. of broth. Good emulsification of tissue was secured without the use 
of an abrasive and centrifugation was not needed. 0.03 cc. of the tissue suspension 
was injected intracerebrally into each of three mice, so that with the material 
derived from the anterior rhinencephalon suspended in 0.3 cc., it was expected 
that the virus could be detected when 10 m.c.l.d., or perhaps even less, were pres- 
ent. The tissue comprising the remainder of the brain, on the other hand, would 
necessarily have to contain 30 it.c.l.d. or thereabout before virus might be demon- 
strable. 

The results shown in Table III indicate that after nasal instillation of 10 4 to 
10 s h.c.l.d., no virus was demonstrable in the brains of young or old miceat 3 to S 
minutes, or at 5 hours. 2 days after instillation the anterior rhinencephalon of 
the 15 day old animal yielded abundant virus, while the remainder of the brain 
had but a trace, i.e., enough to induce fatal infection in only one of the three mice 
injected. On the 3rd and 5th days, apparently large amounts of virus were found 
in both parts of the brain of the young animals. A somewhat different course of 
events appears to have taken place in the old mice which were given the same 
amount of virus intranasally. Again no virus was demonstrable in either portion 
of the brain at 3 to 5 minutes, or at 5 hours. On the 2nd and 3rd days it was 
easily detectable in the anterior rhinencephalon but not at all in the remainder of 
the brain. On the 5th day virus was present in the anterior rhinencephalon and 
probably in somewhat greater concentration than before (as evidenced by the 
shorter incubation period in all three test mice), while only a trace was found in 
the remainder of the brain (only one of the three test mice succumbing). On the 
7th day one mouse showed no virus in either part of the brain, while in another 
animal it was present in both parts. No virus was demonstrable in the brains of 
old mice 10 and 16 days after instillation. 

The results obtained with the group of animals which was instilled with one- 
tenth the amount of virus (10 3 to 10 4 m.c.l.d.) were similar and more clear cut. In 
the 15 day old mice abundant virus was present in the anterior rhinencephalon on 
the 2nd day, while none was demonstrable in the rest of the brain. On the 3rd 
and 5th days both parts of the brain showed considerable amounts of virus. 
Among the 1 year old animals, the anterior rhinencephalon of the 2nd day mouse 
contained a trace of virus, none was recovered in the 3rd day animal, and enough 
virus to kill all three mice after short incubation periods was present in the 5th day 
anim al. In none of these was virus detected in the rest of the brain. In the 7th 
and 10th day mice no virus was found in either part of the brain. 

From a review of these results, it appears that after nasal instillation 
in young mice, the virus first invades and multiplies somewhere in the 
anterior rhinencephalon and only after a certain interval spreads^ to 
the remainder of the brain, where it undergoes further multiplication 
until the animal dies. In old mice the virus also invades the anterior 
rhinencephalon and apparently multiplies in it up until about the 5th 
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TABLE m 


Extent of Invasion of Virus in Central Nervous Systems of Young and Old Mice at 
Various Intervals after Its Nasal Instillation 



Tart o{ brain tested 

Time after 

Age ol mice 


(or virus 

Instillation 

15 days 

About l yr. 


Anterior rhin- 

3-5 min. 

0, 0,0 

0,0,0 


encephalon 

5 hrs. 

0,0,0 

0, 0,0 



2 days 

2, 2,2 

3, 4,5 



3 “ 

2, 3,3 

2, 3,8 



5 “ 

2, 2,2 

2, 2,3 



7 “ 

♦ 

WEEOS 




\2, 2,3 



10 " 

• 

0,0,0 

0.03 cc. of 10** mouse brain 


16 “ 

* 

0,0,0 

suspension in broth (10* to 

1G 5 U.C.L.D.) 

Remainder of 

3-5 min. 

0,0,0 

0,0,0 


brain 

5 hrs. 


0,0,0 



2 days 


0, 0,0 



3 “ 

2, 3,4 

0,0,0 



5 " 

2, 2,2 

5,0,0 




* 

Jo , 0,0 





'12,4,5 



10 “ 

• 

0,0,0 



16 “ 

* 

0,0,0 


Anterior rhin- 

2 days 

3,3,3 

4, 0,0 


encephalon 

3 " 

2, 2,2 

0,0,0 



5 “ 

2 , 2,2 

3,4,4 



7 ** 

* 

J 0,0,0 





T \0,0,0 

0.03 cc. of 10“* of same sus- 


10 “ 

* 

<=><* 

o o 

pension (10 5 to 10* M.C.L.D.) 





Remainder of 

WEM 

0, 0,0 



brain 

mm 










I 

n 




WfSWS. 

I 




1HM 

■ 


Figures and asterisks same as in Tables I and II. 
t Indicates that two animals were tested for virus on the day mentioned. 
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day. In completely resistant animals which show no signs of disease, 
it either does not spread beyond the anterior rhinencephalon or if it 
does, fails to multiply in the remainder of the brain. In the partly 
resistant old mice, i.e. those which exhibit signs of encephalomyelitis 
after some delay, the virus reaches, and multiplies in the remainder 
of the brain, but the interval between infection of the anterior rhinen- 
cephalon and involvement of the remaining cerebral tissue appears 
to be much longer. 

In the light of the present findings, it is important to recall that 
after intracerebral injection of this virus, young and old mice are 
equally susceptible to infection. Thus, while direct inoculation into 
the brain of a minimal amount of virus is fatal in old mice, larger 
amounts may be present in the anterior rhinencephalon for a num- 
ber of days after nasal instillation, without involving those parts of 
the C.N.S., damage of which leads to signs of encephalomyelitis and 
to death. It seemed possible, therefore, that nasally instilled and 
intracerebrally injected virus may, perhaps, be distributed by differ- 
ent pathways within the C.N.S. 

Spread of Intracerebrally Injected Vims in the Central Nermts System 
of Old Mice. — A consideration of the different behavior of intracere- 
brally injected and intranasally instilled virus in old mice suggests 
that the former might have spread to various parts of the brain by 
way of the cerebrospinal fluid in the subarachnoid space or ventricles, 
while the latter might have traveled in a closed system along specific 
tracts. The apparent halting of the progression of the virus at certain 
points in the brain of intranasally instilled animals might thus be due 
to the presence of certain barriers, perhaps in the form of localized 
zones of insusceptibility. If virus placed in the brain spread by the 
way of the spinal fluid, it was believed that within a short time after 
inoculation into one side of the brain it should be demonstrable in the 
opposite side. 

To test this point, two groups of 1 year old mice were injected intracerebrally 
well to the right of the dorsal midline and approximately in the parietal region. 
One group received 0.03 cc. of 10" 5 dilution of virus (10 1 to 10 2 M.CX.D.) and the 
other the 10 -1 dilution of the same material (10 2 to 10 3 M.c.l.d.). One mouse from 
each group was exsanguinated at 45 minutes and another at 24 hours after inocula 
tion. The dorsal and lumbar cord were first removed and then the entire brain. 
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The cerebellum, pons, and medulla having been cut away, the brain was divided 
in the midline along the longitudinal fissure and the right and left hemispheres 
examined separately for virus. Each hemisphere was ground in 1 cc. of broth, 
while the dorsal and lumbar cord, in 0.5 cc. Of each suspension 0.03 cc. was 
introduced into the brain of each ot three test mice. 

The probability of recovering virus from one of the hemispheres depended, 
under the conditions of this experiment, on its content of at least 10 to 30 M.C.L.D. 
Consequently it was not surprising to find that no virus was detected at 45 minutes 
in any part of the C.N.S. of the mouse given 10 to 100 M.C.LJ)., but rather unex- 
pected was the fact that this should also obtain for the animal receiving 10 2 to 10 1 
• u.c.t.n. (Table IV). It appeared likely that a considerable fraction of the in- 
jected virus had either been removed or rendered non-infective within 45 minutes 

TABLE TV 


Spread of Virus in Central Nervous System of Old Mice after Intracerebral Injection 




Presence ol virus in central nervous system 

cerebrally on right side 

Inoculation 

Bight 

beraupere 

Lett 

hemisperc 

Cerebellum 

Dorsal and 
lumbar cord 

0 03 cc. of 10-« (10' to 10 1 

| hn. 

0.75 

0, 0,0 

0, 0,0 

n. t. 

0,0,0 

H.C.L.D.) 

24.0 

2, 2,4 

3, 3,3 


3,3,4 

0.03 cc. of 10-* (!0> to 10 1 

0.75 

0, 0,0 

0, 0,0 

II 


U.C.t.D.) 

24 0 

2, 3,3 

2, 3,3 



001 cc. of 10-' (10 s to 10 s 

1.5 

3, 4,5 

4, 5, 5 

3 , 5,0 

0, 0,0 

U.C.t.D.) 

24.0 

2, 2,3 

2, 4, 4 

3, 4,4 

2, 2,4 


Abbreviations as in Table I. 


after inoculation, although a certain amount of it, probably insufficient for detec- 
tion, must have remained. In the mice examined at 24 hours, both hemispheres, 
and in one instance the lower cord as well, contained abundant virus. The results 
failed, however, to answer satisfactorily the question of this experiment, since 
widespread distribution of virus at 24 hours is in itself no indication of spinal fluid 
spread. 

Another group of 1 year old mice was therefore injected in the same way but 
with more virus (10 5 to 10 *m.c.l.d.). Mice were etherized at 1J and 24 hours and 
in addition to the tissues previously tested for the presence of virus, the cerebellum 
was also included. The results (Table IV) reveal that in this test virus was 
cmonstrable within 1} hours in both hemispheres and cerebellum, but not in the 
cord, while at 24 hours all tissues examined contained considerable quantities. 
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The data obtained in these experiments show that after intra- 
cerebral injection, virus is rapidly distributed to remote parts of the 
brain, and even when the amount originally deposited in a certain area 
is too small for detection by the methods here employed, it readily 
multiplies within less than 24 hours. 

The observation made in the earlier experiments that after nasal 
instillation appreciable amounts of virus are present in the anterior 
rhinencephalon for at least 2 or 3 days, without involving the re- 
mainder of the brain, becomes more significant. The fact that even a 
minimal amount of virus given intracerebrally becomes readily detect- 
able, even in remote parts of the brain, within 24 hours suggests that 
in the old mice which are resistant to nasal instillation the virus is 
arrested in its progression somewhere in the anterior rhinencephalon, 
where some sort of effective barrier therefore exists. 

Local Multiplication of Virus after Nasal Instillation in Young and 
Old Mice . — In view of the different behavior of this virus within the 
C.N.S. of young and old mice, it was of interest to determine whether 
or not the age of the host exerted any influence on the fate of virus 
deposited on the nasal mucosa, particularly since its olfactory portion 
is the seat of many nerve cells, the olfactory neurones of the first order. 

One group of 15 day old mice and another of animals about 1 year old were 
instilled nasally with virus (N.J.), each receiving approximately 10 5 ji.c.l.d. in 0.03 
cc. of broth. At intervals of 1 hour and 2, 4, and 5 days, mice were exsanguinated; 
the entire mucosa was scraped out and prepared as already described under 
Methods. The undiluted centrifuged, supernatant liquid and tenfold dilutions 
of it in broth were inoculated intracerebrally into each of two mice. Since a 
variable number of old mice succumb with encephalitis after nasal instillation of 
virus, it appeared advisable to test separately the nasal mucosa of a number of 
animals to disclose any individual variation. 

The data summarized in Table V reveal significant although un- 
expected results. In both young and old mice sacrificed 1 hour after 
nasal instillation of approximately 10 s h.c.l.d., no virus was demon- 
strable in the nasal mucosa. Considering the total volume (2 cc.) 
of fluid in which the tissue of each mouse was suspended and the 
amount (0.03 cc.) which constituted the test dose for intracerebral 
inoculation, it is clear that approximately 66 m.c.l.d. would have to be 
present in the suspension before virus could be demonstrated. It is 
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plain, nevertheless, that, with the possible exception of a very small 
amount of virus (not demonstrable in this instance), most of the 
original 10 s m.c.l.d. disappeared from the nasal mucosa shortly after 
instillation. 2 and 4 days later, however, the mucosa of young mice 
contained sufficient virus, detectable even in 10" 5 dilution of the 
centrifuged suspension. 

In old mice, on the other hand, virus was recovered in low concen- 
tration (1 : 10 of centrifuged suspension) from the nasal mucosa in only 


table v 

Practice of Virus in Nasal Mucosa oj young and Old Mice at Varying Intervals 
ajler Nasal Instillation cj 1CP u.C£J}. 


Age of mice supply- 
ing nasal mucosa 

lime after 

Mouse 

Teat of virus in centrifuged suspension of nmi mucosa 

instillation 

Undiluted 

1:10 

1:100 

1:1,000 


1 hr. 

mm 

0,0 

0,0 

0,0 

n. t 

IS days 

2 days 

1 


3,3 

0,0 

3,0 


4 “ 

3 


3,3 

3,3 

6,0 


1 hr. 

n 

0,0 


mm 

Jl. t. 




0 , 0 

0,0 

n. t. 

U 



3 

0,0 

0,0 


It 

About 1 yr. 

2 days 

4 

0,0 



0,0 


5 

0 , 0 

0,0 


0,0 



6 

2,3 

3,4 


0,0 


5 “ 

7 




0,0 



8 

4,6 

4,4 


0,0 







Abbreviations as in Table I. 


one of three animals sacrificed on the 2nd and one of two on the 5th 
day. The failure to demonstrate virus in this tissue of many old mice 
at a time when it is readily detectable in the anterior rhinencephalon 
suggests that the C.N.S. may be invaded with no, or very slight and 
transitory local multiplication. 

Factors Concerned in Arresting Virus Progression in Brains of Old 
Mice, The apparent failure of virus to progress beyond a certain 
region in the brain may be due to a number of elements, but first it is 
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essential to establish, as well as can be, whether these factors exist in 
the animal before experimental infection is initiated, or whether they 
are the result of a rapidly acquired, specific immunity. If the arrest 
of virus progression were due to a preexisting, localized barrier, the 
intracerebral inoculation of a small amount of virus, at a time when 
the anterior rhinencephalon is known to contain readily detectable 
amounts of the infective agent, should be capable of circumventing 
such a barrier and inducing a lethal infection. If, however, the further 
progression of virus is inhibited by the development of specific tissue 
immunity in the rest of the brain, such an inoculation into mice, 
previously given virus by way of the nose, should prove innocuous. 


TABLE VI 

Is the Arrest of Virus Spread in the Brains of Nasally Instilled Old Mice the Result 
of Preexisting Conditions or of a Rapidly Acquired Specific Immunity? 


History of mice 

No. of mice 
injected 

Effect of intracerebral 
injection of 0.3 cc. of 10“* 
suspension of gfyeero- 
hted virus 
(about 1 

Old mice 2 days after nasal instillation of 10" 2 virus 

6 

*5, 5,8,8, 0,0 

suspension (N. J.) (10‘ to 10 s m.c.l.d.) 



Normal old mice, controls 

6 

4, 4, 5, 7, 0, 0 

Old mice 4 days after nasal instillation of 10 -2 virus 

6 

4, 4, 4, 5, 5, 0 

suspension (10 4 to 10 s M.C.L.D.) 


4, 5, 5, 0, 0, 0 

Normal old mice, controls 

6 


* The numbers indicate day of death after intracerebral inoculation. 


Two experiments were performed: one employing the N. J. strain and another, 
somewhat modified, the Indiana strain. In the first experiment (Table VI) twelve 
1 year old mice were each given 0.03 cc. of a 10 -2 dilution of virus (10* to 10 5 
m.c.l.d.) intranasally. 2 days later, when it was expected that virus was present 
in the anterior rhinencephalon but not in the remainder of the brain, six of these 
mice and six normal 1 year old controls were injected intracerebraiiy with 0.03 cc. 
of 10 -5 dilution of glycerolated virus (about 1 m.c.l.d.). 4 days after nasal instilla- 
tion the remaining six mice, along with six normal control animals, were given a 
similar intracerebral injection. 

As will be observed in Table VI, the amount of virus injected intra- 
cerebraiiy was in the minimal infective range, since only four of the six 
control animals succumbed in the first, and three of six control mice 






Effect of Intracerebral Injection of a Minute Dose of Vesicular Stomatitis Virus ( Indiana Strain) in Old Mice Given Virus 

Inlr anasolfy 3 and 5 Days Previously 

I 1 rxn* riven I 8 o. I No. o! mice showing C.N.S. sipu or dead cm given Jate (November) 



T =* day on which intracerebral test dose was given. 

* 6 S. indicates six animals with signs of encephalomyelitis, 
t 6 d. indicates six mice dead. 

J 3 p.p, indicates three mice showed paralysis of the posterior extremities. 
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in the second group. Of six mice which had received virus intranasallv 
2 days prior to the intracerebral injection, four succumbed, or the same 
number as among the control animals, while of the six mice inoculated 
intracerebrally 4 days after the nasal dose, five succumbed, as com- 
pared with three of the six control animals. These results suggest, 
therefore, that no appreciable tissue immunity existed in the brain at 
the time when the progression of virus appears to be held up. One 
objection, however, is that the experiment as carried out gives no clue 
to the number of mice that might have died as a result of the nasal 
instillation per se. Although on previous occasions a mortality of 75 
per cent among nasally infected old mice never occurred, it was decided 
to repeat this experiment with an attempt to control this point. 

Six 15 day old and twenty 1 year old mice were each given intranasally 0.03 cc. 
of 10 -2 dilution (10 4 to 10 s jr.c.i.n.) of the Indiana strain. The six young mice and 
ten of the old ones served as controls for the effect of the nasally instilled virus. 
At intervals of 3 and 5 days, five old mice, along with five 1 year old, normal 
controls, were injected intracerebrally with 0.05 cc. of 10 -5 dilution of glyccrolatcd 
virus (1 to 10 M.CA.D.). 

The results, summarized in Table VII, show that while all the young 
ones succumbed, only two of the ten 1 year old mice developed signs of 
encephalomyelitis. In the intracerebrally injected group all of the 
ten normal control animals died and nine of the ten old mice, having 
had preliminary nasal instillation of virus, developed signs of encepha- 
lomyelitis. It seems clearly evident, therefore, that there is no rapid 
development of tissue immunity in the brains of these old mice and 
that the factors concerned in the arrest of virus progression are prob- 
ably preexistent and limited only to special areas of the brain. 

DISCUSSION 

The present investigation was undertaken primarily to discover in 
what way the pathogenesis of vesicular stomatitis virus disease in old, 
resistant mice varied from that in young, susceptible animals. It v\as 
clear from the beginning that it was not a question of an acquired 
resistance of the entire C.N.S., since injections of virus directly into 
the brain found young and old animals equally susceptible.^ It is 
only after the virus is given by a peripheral route that the resistance 
of the old animals becomes apparent. 
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The course of events after nasal instillation of the virus was investi- 
gated first. No evidence of a generalized systemic or blood infection 
could be found in either the young or old animals. 1 hour after nasal 
instillation of as much as 100,000 m.c.l.d. in young mice, no virus (or 
less than 60 to 70 m.c.l.d.) could be demonstrated in the nasal mucosa. 
Tests on the olfactory bulbs within a few minutes and S hours after 
instillation also failed to reveal any virus. 2 days later, however, it 
was abundant in both the nasal mucosa and the anterior rhinenceph- 
alon, but was either undemonstrablc or present in only a trace in the 
remainder of the brain. On the 4th day, when the young mice 
showed definite clinical signs of C.N.S. involvement, virus was present 
in large amounts in the brain and nasal mucosa. In old mice the 
nasally instilled virus disappeared just as readily but failed later to 
become detectable in some of them while it reappeared in small 
amounts in others. It is significant, therefore, that virus was readily 
demonstrable in the anterior rhinenccphaion of practically all the mice 
tested between the 2nd and Sth days. In the remainder of the brain, 
however, none was found during this period with one exception, in 
which only a minute amount was present as compared with the con- 
siderable quantity in the anterior rhinencephalic portion of the same 
brain. Other mice sacrificed on the 7th, 10th, and 16th days after 
nasal instillation showed no virus in any part of the brain. In one 
animal without any clinical signs of disease, when sacrificed on the 
7th day, virus was found in both the anterior and posterior parts of 
the brain; this mouse might have been one of those which develop 
clinical signs of encephalitis as late as 10 or even 14 days after instilla- 
tion. It was clear, however, particularly from experiments with 
smaller doses, that in old mice, which show no signs of disease after 
nasal instillation, the anterior rhinencephalon could contain consid- 
erable amounts of virus from the 2nd to the 5th day, which then 
could disappear without apparently involving the rest of the brain. 

The question arose now as to why the virus present in the anterior 
rhinencephalon failed to infect the rest of the brain, especially since 
minimal amounts are capable of inducing a fatal encephalitis when 
injected directly into the brain. One explanation which suggested 
itself was that virus which reaches the brain from the nose may travel 
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in a closed system of nerve cells and cell processes, and in old mice 
may encounter zones in which its progression is inhibited, but when 
it is injected mtracerebrally it may spread by way of the spinal fluid 
in and out of the ventricles and reach those parts of the C.N.S. which 
remain susceptible. Experiments on the fate of mtracerebrally 
injected virus revealed that after such an inoculation it easily spread 
to remote parts of the C.N.S. It appeared, furthermore, that a 
certain amount of virus is either washed away (or rendered non- 
detectable), for when doses ranging from 10 to 1,000 m.c.l.d. were 
injected mtracerebrally, none could be recovered by the methods 
employed 45 minutes later. Within 24 hours, however, virus became 
abundant and widely scattered throughout the brain. Yet after nasal 
instillation, readily demonstrable amounts of virus could remain in 
the anterior rhinencephalon without spreading to the rest of the brain. 
The suggestion was very strong, therefore, that under these circum- 
stances virus was progressing in a closed system and was halted by 
some impenetrable barrier. The next question to be considered was 
whether this hypothetical barrier exists in the animal before it is ex- 
posed to the virus, or whether it represents a rapid acquisition of spe- 
cific tissue immunity. In other words, does the virus fail to progress 
in old mice because the remainder of the brain has become immune by 
the time it is reached, or does it remain susceptible, the spread of the 
virus being inhibited by a preexisting, localized, insusceptible zone? 
In the experiments undertaken to answer this question, it was at- 
tempted to circumvent such a zone, if one existed, by direct intra- 
cerebral injection of minute amounts of virus in old mice at intervals 
of 2, 3, 4, and 5 days after nasal instillation, when the anterior rhinen- 
cephalon of these animals would be expected, from previous experience, 

. to contain virus. If the brain had acquired an immunity' in that short 
time, the intracerebral inoculation of this small amount of virus would 
be without effect and the mice should remain well. If, on the other 
hand, the brain as a whole were still susceptible, these animals would 
die, while the uninoculated, nasally instilled controls survive. The 
mice injected mtracerebrally at the stated intervals after nasal instilla- 
tion succumbed as did the uninstilled controls, and no evidence of a 
rapidly acquired cerebral immunity was therefore revealed. The 
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typothesis o! a preexisting barrier to the spread of the virus was 
strengthened. 5 
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6. That the arrest of virus progression in the brains of certain old 
mice is the result of a preexisting, localized barrier, developed with 
age, and is not due to a rapidly acquired, specific, cerebral immunity 
was shown by the failure of old mice to resist an intracerebral injection 
of 1 to 10 M.C.L.D., 2, 3, 4, or 5 days after preliminary nasal instillation. 
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INFLUENCE OF HOST FACTORS ON NEUROINVASIVENESS 
OF VESICULAR STOMATITIS VIRUS 
H. Effect of Age on the Invasion of the Peripheral and 
Central Nervous Systems by Virus Injected 
into the Leg Muscles or the Eye 
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The experiments reported in the preceding communication (1) indi- 
cated that after nasal instillation in mice the vesicular stomatitis 
viruses spread to the central nervous system (C.N.S.) by way of the 
first cranial nerve and subsequently along special pathways to other 
regions of the brain. The resistance of the greater number of old mice 
appeared to be due to an arrest of the progression of virus somewhere 
in the “anterior rhinencephalon.” The present report deals with the 
mode of invasion of the C.N.S. of young mice and with the nature and 
site of the resistance exhibited by older animals after peripheral 
inoculation into other regions. 


Methods 

The animals and the general methods employed were described in the first 
paper (1). Only the following additional remarks are necessary. 

To test for virus in the sciatic nerve, after inoculation into the calf muscles, it 
was bluntly dissected away from the lymph nodes and fat in the popliteal fossa, 
cut there and again cephalad near the vertebral column. 

After intraocular injection, the brain was subdivided as indicated in the pro- 
tocols, tables, and in Fig. 1. With the brain on its dorsum the pons, medulla, 
and cerebellum were removed, leaving in situ the corpora quadrigemina. Then 


* Preliminary communication presented before the Joint Meeting of the 
American Association of Immunologists and The American Association of Pathol- 
ogists and Bacteriologists, April 9, 1936; for abstract see Am. J. Path., 1936, 12, 
738; J. Immunol , 1936, 30, 398. 
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turning the bnun onto its ventral surface, the two cortical hemispheres, including 
Ammon s horn were separated at the longitudinal fissure and peeled away from 
the mesencephalon and diencephalon. Anteriorly the diencephalon was severed 
from the corpus striatum along the stria terminalis and at the level of the optic 
diiasm (Fig. 1) When it was desired to test separately for virus the right and 
left halves of the mesencephalon and diencephalon, the cut was purposely not 
made in the midline in order to avoid, as best as could be done, admixture of the 
possible positive with the negative half. 


EXPERIMENTAL 

Spread of Virus after Intramuscular Injection in Young and Old 
Mice. Old , mice are more resistant to intramuscular injection than 
to nasal instillation of vesicular stomatitis virus. Thus far not a single 
old mouse has been observed to show signs of disease or to succumb 
after intramuscular (also subcutaneous) injections of large amounts of 
virus. To determine the nature and site of the resistance in intra- 
muscularly injected old mice, it was decided to find out by what route 
virus deposited in the muscle reached the C.N.S. of very young mice 
and to investigate the variations which occurred in older animals. 
Clinical observation of young mice suggested that virus invaded the 
C.N.S. primarily by way of the nerves supplying the injected muscle, 
for after inoculation into the calf muscles of one posterior extremity 
the first sign is invariably flaccid paralysis of that leg followed by 
paralysis of the opposite member. Signs of upper neurone involve- 
ment are always a late manifestation. 

Young mice (IS days of age) and old mice (about 1 year old) were each injected 
into the muscles of the right posterior extremity with 0.3 cc. of a 10 per cent virus 
suspension (10 7 minimal cerebral lethal doses (m.c.l.d.)). The young mice 
developed paralysis of the posterior extremities on the 4th day, while none of the 
old mice showed any signs of disease. Young mice were killed 2 and 4 days, and 
old 2, 3, 4, 6, and 8 days after injection. The material from two mice in each 
group was pooled for virus tests at the indicated intervals. . Each mouse was bled 
to death and the blood tested for virus by intracerebral injection of 0.03 cc. into 
each of three mice. The other structures examined for virus included the inocu- 
lated calf muscles, the right popliteal lymph nodes (in the old), the right sciatic 
nerve, the lumbar spinal cord, and the left sciatic nerve. 

The data presented in Table I indicate that intramuscularly injected 
virus has a different fate in young and old mice. In the young, there 
was no evidence of virus multiplication in the blood and the spleens 
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contained virus on the 2nd, although not on the 4th day after inocula- 
tion; on the 2nd day virus tvas present in the right sciatic nerve, 
lumbar cord, and in a small amount also in the left sciatic nerve. On 
the 4th day, when the young mice exhibited flaccid paralysis of both 
posterior extremities, virus was easily demonstrable in the right sciatic 



Fig. 1. Dorsal view of mouse brain with cerebral hemispheres removed. C. S., 
corpus striatum; S. T., stria terminalis; Diene., diencephalon; Mesenc., mesen- 
cephalon. 

nerve and spinal cord but none was found in the left sciatic nerves of 
the two mice studied. There is good evidence, therefore, that the 
primary invasion of the C.N.S. in the young was by way of the 
nerves supplying the inoculated muscles. 

In the old animals, in spite of the injection of at least 10 million 


38 


VESICULAR STOMATITIS VIRUS. II 


TABLE I 


Spread of Vesicular Stomatitis Virus (New Jersey Strain ) in Young and Old Mice 
after Intramuscular Injection 


0.3 cc. of a 10 per cent mouse brain suspension in broth, containing 10,000,000 
m.c.l.d., was injected into the right leg muscles of each mouse 


Tissue tested for virus 

Time after 
inoculation 

Age of mice supplying tissues 

15 days 

About 1 yr. 




days 



Heparinized blood 

2 

0, 0,0 

0,0,0 


3 

n. t. 

0,0,0 


4 

0, 0, 0 

0,0,0 


6 

n. t. 

0,0,0 


8 

<< 

0, 0,0 

Right calf muscles (inoculated site) 

2 

2,2,2 

2, 2,2 

4 

2,2,3 

3, 5, 6 


S 

n. t. 

0,0,0 

Right popliteal lymph nodes 

2 

tt 

2, 2,2 

4 


7, 0,0 


S 

<t 

0,0,0 

Spleen 

2 

4 

3, 4,4 

0, 0,0 

o, o, 0 
0,0,0 


S 

n. t. 

0,0,0 

Right sciatic nerve 

2 

3 

2, 3, 3 
n. t. 

0, 0, 0 
0,0,0 


4 

2, 2, 3 

0,0,0 


6 

n. t. 

0, 0,0 


8 

ti 

0,0,0 

Spinal cord 

2 

3 

2, 2,3 
n. t. 

0, 0,0 

0, 0,0 


4 

2, 2, 2 

0,0,0 


6 

n. t. 

0,0,0 


8 

44 

0, 0,0 

Left sciatic nerve 

? 

4, 4, 0 

0,0,0 

3 

n. t. 

0, 0, 0 


4 

0, 0, 0 

0, 0, 0 


6 

n. t. ! 

0, 0,0 


8 ! 

! 

0. 0, 0 


n t = no test was made. 

Figures indicate the day of death of individual mice 


, 0 signifying 


survival. 
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cerebral lethal doses, virus was demonstrable only at the site of in- 
oculation and in the regional popliteal lymph nodes, and not in the 
other tissues studied. The injected muscle contained it abundantly 
on the 2nd day, probably a little less on the 4th, while none was found 
on the 8th day. The regional lymph nodes showed virus on the 2nd 
day, only a trace on the 4th, and none on the 8th day. No virus was 
found at any time in the blood, spleen, lumbar cord, or sciatic nerves. 
Other tests with intramuscularly injected old mice, not recorded in 
the table, never revealed virus in the nervous tissue of these animals. 

The resistance of old mice to intramuscularly injected vesicular 
stomatitis virus thus appears to be due to the inability of the virus to 
invade the nervous system. In this case, however, the barrier is 
peripheral, while after nasal instillation in old mice the virus can 
invade the peripheral nerve and reach the anterior rhinenccphalon, 
where its further progression is arrested by a barrier in the central 
nervous system. 

Effect of Intrascialic Injection of Virus in Old Mice . — Little is as yet 
known of the mechanism whereby . intramuscularly injected virus 
invades a peripheral nerve and of its subsequent transport to the 
C.N.S. To discover in what structures the progression of virus is 
held up, it appeared desirable to investigate the effect of direct intra- 
sdatic inoculation. 

The right sciatic nerve of 1 year old anesthetized mice was exposed j’ust cephaiad 
to the popliteal space and about 0.1 cc. of 10 per cent virus suspension (N. J. strain) 
was injected into it with a 28 gauge needle. The needle was moved up and down 
several times in order to cut some of the fibres. Although the injection was made 
with little pressure, the sheath of the nerve invariably broke and most of the mate- 
rial escaped. The edges of the wound were approximated and covered with 
collodion which proved to be adequate in keeping it closed and uncontaminatcd. 
The mice quickly recovered from the operation and showed no apparent immediate 
weakness of the inoculated extremity. 

In the first experiment (Table II) five old mice were injected in the manner just 
described and three of them developed paralysis of the posterior extremities. One 
of these three died and the other two were sacrificed to test for virus in selected 
tissues. It was rather striking that in this group all mice exhibited evidence 'of 
biting either the tail or one or more of the extremities. The fact that two of the 
■nice survived without showing any other signs of disease cast douht on the pos- 
sibility that the biting was a manifestation of virus involvement. This doubt 
was further increased when in subsequent experiments none of the mice exhibited 
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TABLE H 


Effect of Intrasciatic Inoculation of Vesicular Stomatitis Virus {New Jersey Strain) 

in Old Mice 

All mice injected into right sciatic nerve with 10 per cent virus suspension 


Result 


Presence of virus In 


Left 

sciatic 

nerve 


Paresis 4th day and bitten tail. 
Bitten right posterior extremity 
5th day. Dead 6th day 
Paresis 4th day and bitten tail. 

Sacrificed 6th day 
Flaccid paralysis of right posterior 
(inoculated) extremity and bit- 
ing of left anterior extremity 
7 th day. Sacrificed 7 th day 
Bitten left anterior extremity 7th 
day. No paralysis. Survived 
Chewed away left and bit right 
anterior extremity. No paral- 
ysis. Survived 

Flacdd paralysis of right poste- 
rior (inoculated) extremity 5th 
day. Paralysis both postenor 
and one anterior extremity 6th 
day. Complete paralysis /th 
day. Dead 8th day. 

Flaccid paralysis of inoculated 
extremity 6th day. Sacrificed 

6th day . . , 

Flaccid paralysis of inocukted 
extremity 7th day. Complete 
paralysis 8th day. Sacrificed 
9th day ., a otR 

Remained well. Sacrificed 9th 

day 

Remained well 


n. t. 


0 , 0 , 


n. t. 


Right 

sciatic 

nerve 

Lum- 

bar 

cord 

Cervi- 

cal 

cord 

Entire 

brain 

O 

© 

o 

2, 2,3 

n. t. 

n. t. 

© 

o 

o 

2, 2,2 

u 

« 

© 

<D 

© 

2, 2,2 

2, 3,4 

2, 2,3 

0 0, 0, 0 

2, 2,2 

n. t. 

n. t. 

0 0, 0, o 

3, 3,3 

2, 2,2 

2, 2,2 

.n. t. 

o,o,c 

0,0, C 

0,0,0 


n. t. 


0,0,0 

0,0,0 

n. t. 


Abbreviations as in preceding table. 
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these signs. In the second experiment three of six mice inoculated into the right 
sciatic nerve developed an ascending paralysis. In each of these three mice 
flaccid paralysis first appeared in the inoculated limb; in one on the 5th, in another 
on the 6th, and in the third mouse on the 7th day after inoculation. 

The results of tests for virus in the sciatic nerves, spinal cord, brain, 
and spleen of many of these mice (Table II) leave little doubt that the 
C.N.S. was invaded in the animals which developed paralysis. - No 
virus was found in the spleen of any of the animals nor in the C.N.S, 
of a mouse which remained well after intrasciatic inoculation. The 
failure to detect virus in the inoculated sciatic nerves at a time when 
the lumbar cords were positive and the animals were paralyzed was 
difficult to explain. Since each sciatic nerve was ground in 0.15 cc. 
of broth, of which 0.09 cc. was injected intracercbrally in mice (0.03 
cc. into each of three animals), it does not seem possible that very 
much virus could be present in it without being detectable. 

To appraise the significance of the results of intrasciatic virus inoculation, it is 
necessary to have a definite conception of what happens when material is injected 
into such a nerve. There is at present no general agreement regarding the fate of 
intraneurally injected solutions or colloidal suspensions. While it is generally 
believed that the perineural lymphatics or spaces of a nerve like the sciatic do not 
"" '' ■ ,n *'!’r t1 y clear that a direct 

; :* i. :\r*! . ’ .*■ The observation 

of certain investigators that intraneurally injected dyes may reach the nervous 
axis at once or within a short time has been explained by the fact that when suffi- 
cient pressure is exercised during such inoculations, existing barriers may be 
ruptured (2). It is important, therefore, to consider the possibility that in the 
present experiments the virus may have been introduced directly into the sub- 
arachnoid space, and that the results which were obtained throw no light on the 
capacity of the nc-vc fibres themselves to transmit the virus. At the same time 
it should be remembered that by the very nature of the intraneural injection as 
practiced here, a certain number of nerve fibres are cut and their axis cylinders 
(the direct extensions of nerve cells situated in the spinal cord or ganglia) are 
exposed to the virus. However this may be, it is evident that the nervous system 
)s infected in only about half the number of animals. 

, feet that signs of C.N.S. disturbance appear first in the inoculated extrem- 
ity and are delayed for 5, 6, or 7 days favors more the hypothesis that the virus 
first involved the nerve cells whose axis cylinders were exposed during the inocula- 
tion, rather than that it produced infection by way of the spinal fluid in the sub- 
arachnoid space, although additional evidence is desirable to confirm this inter- 
pretation. 
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Fate ' of Intrasciatically Injected Virus It has been shown in the 
preceding paper (1) that after direct intracerebral inoculation of even 
minute amounts of virus in old mice, multiplication occurs within 24 
hours, when the virus is already more or less widespread in the C.N.S. 
It appeared, therefore, that if after intrasciatic inoculation (employing 
about 3 million m.c.l.d.) some of the virus rapidly reached the sub- 
arachnoid space, it should be easily demonstrable in various parts of 
the C.N.S. within about 24 to 48 hours. 

To test this point, ten old mice were injected in the right sciatic nerve with 0.1 
cc. of 10 per cent virus suspension (about 3 million ii.c.x..d.). Most of the inocu- 
lum escaped into the surrounding thigh muscles but some remained in the nerve 
itself. During the first 3 days one mouse was sacrificed every 24 hours and the 
following structures were tested for virus: right sciatic nerve, left sciatic nerve, 
lumbar cord, cervical cord, entire brain, and, in one instance, the spleen. Of the 
remaining seven mice, three developed paralysis 5, 6, and 7 days after intrasciatic 
inoculation. The first sign in each case was flaccid paralysis of the inoculated 
extremity. One mouse was etherized on the 6th day, at a time when the right 
posterior extremity alone was paralyzed, and the structures enumerated above 
were tested for virus. Another mouse, which showed the first signs on the 7th 
day, was sacrificed on the 9th day, when it was completely paralyzed, and the 
same structures were examined for virus with the exception that the brain was 
subdivided into four parts, pons and medulla, cerebellum, and the right and left 
halves of the remainder, which were studied separately. 

The results (Table III) show that during the first 3 days after sciatic 
inoculation no virus was demonstrable in the spinal cord or brain but 
was present in the inoculated sciatic nerve. When paralysis first 
appeared, however, no virus was found in either sciatic nerve; it was 
abundant in the lumbar cord and in the brain but was present in only 
a trace in the cervical cord. The relative scarcity of virus in the cer- 
vical cord, at a time when the lumbar cord below it and some part of 
the brain above it contained much virus, is considered significant 
because it corresponds to an observation made by Hurst in experi- 
mental poliomyelitis where, after intrasciatic injection, virus was 
demonstrable in the lumbar cord, the motor cortex and thalamus of 
the opposite side, although not in the cervical cord (3). In the mouse 
sacrificed 2 days after the onset of paralysis, every part of the brain 
and cord contained a good deal of virus, while the sciatic nerves had 


none. 
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These observations do not coincide with what one would expect to 
find if the virus reached the subarachnoid space simultaneously with 
or soon after the intrasciatic inoculation. They are more in accord 
with the view that the spinal cord was invaded by way of the nerve 
fibres exposed to the virus. The long delay before virus became 
demonstrable in the spinal cord and its apparent disappearance from 
the nerve at or before the onset of paralysis may appear confusing at 
first glance, but these facts in themselves do not contradict this con- 
ception. In the light of these findings and their interpretation, it 
would appear that after intramuscular injection in old mice, the 
barrier to invasion of the C.N.S. is not so much in the nerve fibres 
themselves as at their endings. For by circumventing them, as by 
direct nerve inoculation, the same disease may be induced in the old 
as in young, susceptible mice, although somewhat more slowly. 

Fate of Virus at the Site of Intramuscular Injection in Young and Old 
Mice . — The factors which determine the penetration of certain nerves 
by a neurotropic virus are not as yet understood. The relationship 
of local multiplication in either non-nervous tissue or the nerve endings 
to invasion of the nervous system has been investigated but little. 
The purpose of the following experiments was to disclose any 
observable difference in the fate of virus injected into the muscles of 
young, susceptible mice in which the nerves are invaded, as compared 
with that introduced into old, resistant mice in which the nerves are 
not invaded. The primary question concerned the multiplication of 
the virus at the site of inoculation in the two groups of animals. 

In the first experiment a known amount of virus was injected into the right calf 
muscles of young and old mice, and 2 days later two from each group were sacri- 
ficed, the inoculated muscles removed and ground with sufficient broth to make 
10 per cent suspensions. One part of these suspensions was titrated for virus and 
another was injected intramuscularly into groups of three young and three old 
mice, respectively. This process was repeated at 2 day intervals until a sufficient 
number of passages had been made to give an indication of what happened. The 
test with young animals was begun with three 15 day old mice, each of which was 
injected intramuscularly with 0.1 cc. of a 1:100 mouse brain suspension (about 
3 X 10 4 to 3 X 10 5 U.C.L.D. of the N. J. strain). At each passage two mice were 
sacrificed and three new ones subinoculated with 0.1 cc. of the 10 per cent muscle 
suspension. The third mouse was retained to determine whether or not, and when 
paralysis might occur. Approximately 1 year old mice were used for the old 
group and the same procedure was followed, except that more virus was given 



TABLE IV 

Local Multiplication of Virus after Intramuscular Injection in Young and Old Mice 
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with the primary intramuscular inoculation, i.e., 0.3 cc. of a 1:10 mouse brain 
suspension or 10 6 to 10 7 m.c.l.d. At each passage 0.3 cc. instead of 0.1 cc. of the 
muscle suspension was subinoculated into new animals. 

The results presented in Table IV show clearly that multiplication 
of the virus occurred at the site of inoculation in the young mice. 
Six muscle to muscle passages were carried out, with evidence of multi- 
plication each time. The muscle suspension of the sixth passage 
contained virus in a dilution of 10~ 6 at least, and the mice which at 
each passage were left as controls developed typical, ascending, flaccid 
paralysis. On the contrary, there is no evidence that multiplication 
occurred in the old mice. 2 days after the primary injection of 10 5 to 
10 7 m.c.l.d., virus was demonstrable in the inoculated muscles in a 
dilution of 10~ 3 . It was present in the 10 _1 {i.e., 10 per cent suspen- 
sion of the muscle) but not in the 10 -3 dilution after the first passage, 
and none was found in the muscle of later passages. 

Although it is thus clear that there is a definite difference in the fate 
of virus injected intramuscularly in young and old mice, one cannot 
state with equal assurance on the basis of this experiment that the 
virus does not multiply at this site in old mice. More virus may, 
perhaps, be required to initiate multiplication in old than in young 
mice, and the total increase may be insufficient to permit successful 
muscle to muscle passage. To investigate this point further, another 
experiment was planned. 

One group of old mice was injected intramuscularly with about 10 6 m.c.l.d. and 
another with 10 4 . At intervals of 2, 24, 48, and 96 hours after injection mice from 
each group were sacrificed and the amount of virus present at the site of inocula- 
tion was estimated by intracerebral inoculation into other mice. 

Among the mice injected with 10 4 M.C.LJ),, virus was found at the site of inocu- 
lation at 2 hours but not later, while among those injected with 10 5 M.C.L.D. it 
persisted for the 4 days during which tests were performed (Table V). Since, 
however, more virus was present at 2 hours than at any subsequent test period, 
one cannot say that any multiplication occurred. The fact that there appears 
to have been slightly more virus in the mouse sacrificed at 48 hours than in the 
one at 24 hours may, perhaps, represent an example of individual variation. 

To determine whether the virus would also fail to multiply in other 
non-nervous tissues of old mice, it was injected intracutaneously and 
subcutaneously into the pads of the posterior extremities. 
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Mice injected with about 300,000 m.c.l.d. were sacrificed at 2, 22, 72, and 120 
hour intervals and the amount of virus in the pads estimated by intracerebral 
• - . 1 : 1 . ),irfilv centrifuged suspensions. (Horizontal 

did not produce bacterial meningitis unu Uiuo 

tion.) 

In this instance there was somewhat more virus at 22 than at 2 
hours (Table VI). None ( i.c less than 10= m.c.l.d.) was found in the 
mouse tested at 72 hours, while the 120 hour pad contained as much 
virus as the 2 hour one. The results show a certain amount of cx- 


TABLE V 

Fate of Virus ( New Jersey Slrain ) al Sile oj Intramuscular Injection in Old Mice 


Amount of virus injected 
iotrimusculirly 

Dflution of 
musde tested 
for virus 

Time after Inoculation 

2 hra. 

24 hr*. 

48 Lb. 

96 hr*. 

1,000,000 1I.C.L.D. 


2,5 

2,0 

B 

3,4 



3,0 

8,0 


0,0 



3,5 

0,0 





0,0 

0,0 

0,0 

n. t. 

10,000 M.C.L.D. 


3,0 


0,0 






0,0 



10- J 




0,0 


10-< 




n. t. 


Abbreviations as in preceding tables. 


pected variation as regards persistence of virus in individual mice, 
but do not suggest that any appreciable multiplication occurred. 

Whether or not this inability of the virus to multiply at the site of 
subcutaneous or intramuscular inoculation in old mice can be held 
accountable for its failure to invade the local nerves is not clear. 
Without histological studies one cannot say in what structures at these 
sites the virus multiplies in the young and not in the old mice. 
It has already been shown that in young mice there is no evidence of a 
generalized systemic infection after intranasal or intracerebral injec- 
tion, and that even alter intramuscular inoculation of 10’ m.c.l.d. 
virus is not regularly present in the spleen. While one might assume, 
therefore, that even in the young mouse the vesicular stomatitis vi- 
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ruses may, perhaps, be strictly neuro tropic, the extensive multiplica- 
tion occurring at the site of intramuscular injection would not be in 
accord with such a view unless this multiplication occurred entirely in 
nervous structures. In the old mice, however, there appears to be 
little evidence to indicate that the virus is not strictly neurotropic. 

Intraocular Injection of Virus in Young and Old Mice— In the pre- 
ceding experiments the virus was injected into regions supplied by two 
essentially different types of peripheral nerves. After inoculation into 
the muscles of the leg the virus comes into relation with peripheral 
spinal nerves or with their specialized nerve endings, while after intra- 
nasal instillation there are, in addition to the fifth and sympathetic 
nerves, the olfactory neurones of the first order with their short, 
dendritic processes at the very surface of the olfactory mucosa. In 

TABLE VI 


Fate of Vims (New Jersey Strain) Injected into Pads of Old Mice 


Pad ground up in 
2.5 cc. of broth, and 
centrifuged super- 
natant liquid tested 
for virus 

Time after injection of 300,000 «.cx.D. 

2 hrs. 

21 hrs. 

72 hrs. 

120 hrs. 

Undiluted 

3,6 

3,4 

0,0 

3,4 

io- 1 

0,0 

S, 6 

0,0 

0,0 

lO" 2 

0,0 

0,0 

0,0 



Figures as in Table I. 


the former instance, the indication was that some local change in the 
old mice acted as a barrier against invasion of those peripheral spinal 
nerves by the virus; this peripheral barrier is probably almost always 
effective, since in our experience thus far not a single old mouse 
developed any C.N.S. signs after intramuscular injection. After 
nasal instillation the evidence indicated that the virus followed the 
olfactory rather than the fifth nerve pathway, and the barrier in old 
mice (which is less effective than after intramuscular injection) was 
somewhere in the C.N.S. rather than peripheral. The experiments 
dealing with the nature of this hypothetical central barrier suggested 
that the virus was spreading in a closed system along definite pathw a> s 
and that somewhere in its course, local conditions prevented its further 
progression. The special anatomical conditions in the eye appeared 
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to supply a good opportunity for investigating further the nature of 
virus spread along certain nerves and the modifications which may 
develop with age. 

As regards the direct nervous pathways after intraocular injection, there arc 
four routes to be considered. First, infection of the ganglion cells in the retina 
with subsequent spread along the fibres of the optic nerve; second, along the fibres 
of the fifth nerve; third, along the fibres of the third nerve supplying the ciliary 
body and iris; and fourth, the sympathetic nerves. The optic nerve is not properly 
a peripheral nerve and the retina may be looked upon as an extracranial portion of 
the C.N.S. which can be exposed to the virus by an injection into the vitreous. In 
the case of the retina, one may thus have conditions simulating those in the C.N.S., 
while with the other nerves the situation may correspond more closely to that in 
the peripheral nerves already studied in the leg muscles and nose. 

It is often stated, however, that from the eye substances may enter the pia- 
araebnoid space surrounding the optic nerve and thus spread to the base and rest 
of the brain by way of the spinal fluid (4). If that were to apply to vesicular 
stomatitis virus injected into the vitreous, one would expect no variation in effect 
from that obtained after ordinary intracerebral inoculation, i.e., lethal infection 
in both young and old mice. The purpose of the first experiment, therefore, was 
to determine whether the effect of intraocular injection in young and old mice 
would simulate more closely that of direct intracerebral inoculation rather than 
of injection by other peripheral routes, 

A suspension of N. J. virus was titrated simultaneously in 15 day and 1 year old 
mice by intraocular injection. The inoculations were made into the vitreous of 
cae eye, giving about 0.01 to 0.02 cc.: the eye would bulge and a varying amount 
of the fluid would escape. Tenfold dilutions of the virus, ranging from 10 -1 to 
10 -7 , were injected into groups of three young and three old mice. The 10* 5 , 10-*, 
and 10" 7 dilutions were also injected intracerebrally into 4 week old mice in order 
to compare the relative infectivity of the virus by both routes. 

The results (Table VII) indicate that the effect of intraocular 
injection of this virus simulates that obtained after other forms of 
peripheral, rather than that which follows direct intracerebral inocu- 
lation. While one of the three old mice which received the lO'” 1 
dilution succumbed to virus encephalitis, all the other old animals 
remained well. The young mice, however, developed fatal virus 
encephalitis. The intraocular titre of the virus was 10 -5 , as compared 
with the intracerebral end-point of 10 ~ 6 . It is well to recall, however, 
that the amount injected in the eye was considerably less than that 
given in the bTain. Other tests not recorded here indicated that while 
day old mice succumbed uniformly after intraocular injection, 21 
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day old animals already showed evidence of acquired resistance; the 
disease developed after a longer time in some, and failed to manifest 
itself in a varying number of others. 

Spread of Infra ocularly Injected Virus in the Central Nervous System 
of Young and Old Mice— The purpose now was to identify the pathway 
to the brain taken by virus injected into the vitreous; to trace its 
subsequent course within the brain itself, and to find out in what way 
the results varied in young susceptible and old resistant mice. The 

TABLE VH 


Susceptibility of Young and Old Mice to Intraocular Injection of Vesicular Stomatitis 

Virus ( New Jersey Strain) 


Dilution of virus 
suspension 

Intracerebral litre 4 wks. 
old mice 

Dose: 0.03 cc. 

Intraocular titration in young and old mice 

Dose: 0.005 cc. to 0.0 1 cc. 

15 days old 

Average weight, 9 gm. 

About 1 vr. old 
Average weight, 35 gra. 

10-1 

| 

3, 5, 5 

0, 0, 6* 

10-= 


4 , 6,8 

0,0,0 

io- j 


4,5,0 

0,0,0 

10 - * 

. . K 

o , o , ot 

0,0,0 

10- 5 

. . . . 

5, 5, 11 

0,0,0 

10-* 


0,0,0 

0,0,0 

10- 7 

■■ 

0,0,0 

0,0,0 


Figures as in Table I. 

* Mouse sick on 6th day; sacrificed and virus demonstrated in brain by passage. 

f The failure of these mice to show signs of disease, while all three which re- 
ceived the 10~ 5 dose succumbed, appears paradoxical but represents a phenomenon 
not infrequently encountered in virus titrations. 

question may well be asked whether the resistance of the old animals 
was again due to some sort of barrier to virus progression, and then 
whether that barrier was in the eye itself or in some region of the 
brain. The fact that old mice, with few exceptions, show no signs of 
disease after intraocular injection in itself casts doubt on the possibil- 
ity of the virus spreading to and within the brain by way of the 
cerebrospinal fluid. 

To obtain an idea of the path of progression, different parts of the brain were 
examined for virus at varying intervals after intraocular injection. The choice o 
parts to be studied for virus content was necessarily governed by the known central 
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connections of the nerves supplying the eye. The most important and also most 
numerous structures exposed to the virus after inoculation into the vitreous are 
the gangiion cells of the retina. The axons of these cells form the optic nerve and 
the majority of them cross at the optic chiasm and terminate in the lateral, genicu- 
late ganglion, the lateral nucleus of the thalamus, and the superior colliculus of 
the opposite side. The number of fibres which remain uncrossed, depending upon 
the extent of binocular vision, is, as in the rat, probably very small (5). If the 
virus were to travel in a closed system within these axons, one would expect to find 
it first in the dicncephalon and mesencephalon of the side opposite to that of the 
inoculated eye, while if it traveled interstitially or spilled over readily from the 
axons into the interstitial tissues of the optic nerve, it should, upon reaching the 
chiasm, spread more or less equally to both sides of the dienccphalon and mesen- 
cephalon. Furthermore, if it reached one side before the other, one might expect 
that the occipital cortex of the corresponding side (i.e. contralateral to the injected 
eye) would contain virus before that of the opposite side. In some experiments, 
the entire diencephalon and mesencephalon were studied for virus content, while 
in others they were divided into the right and left sides, the cut being made to one 
side of the midlinc in order to avoid contaminating the negative with the possibly 
positive portion. With the virus introduced into the right eye, the cut was made 
a little to the right of the midline because the left side would be expected to be 
positive and the right negative. 

A difficulty in the interpretation of results obtained with material dissected in 
this manner arises when one considers the termination of that part of the third 
nerve which supplies the structures of the ciliary body and iris. After reaching 
and connecting with cells in the small ciliary ganglion, fibres of the third nerve in 
the mouse, as in other similar rodents, end in a single Edingcr-Wcstpbal nucleus 
which is situated in the midline just ventral to the aqueduct of Sylvius (5). The 
above dissection would always include this nucleus in the suspected side and one 
could not say whether the presence of virus in it was due to passage along the Optic 
or third nerve path. From this nucleus, however, virus would not be expected 
to involve one occipital cortex before the other. For this reason it was considered 
particularly important to test separately the right and left occipital cortex. 

The structures injured by the needle in the course of the injection, including 
those in the eye which might come in contact with the virus, are supplied by 
branches of the fifth nerve. These fibres pass through the ciliary and Gasserian 
ganglia and terminate in the pons and medulla. The Gasserian ganglion and the 
part of the fifth nerve lying at the base of the skull were removed together, and 
the structures from each side were tested separately. If the pons and medulla 
showed virus before other parts of the brain, it would point to the fifth nerve as an 
early route of progression. The sympathetic nerves and ganglia were not investi- 
gated in these experiments. 

Still another pathway had to be considered. It has already been stated that 
uring intraocular inoculation some of the virus escaped from the eye; such virus 
conceivably reach the nose through the nasolachrymal duct and might 
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invade the brain through the highly susceptible olfactory mucosa. In such an 
event one would expect the olfactory bulbs to show virus at an early stage. 

With these anatomical considerations in mind, a number of experiments were 
performed, in which the parts of the brain just enumerated, and occasionally 
other parts as well, were tested for virus at different intervals after intraocular 
injection. The inoculations were always made into the right eye with a 10 per 
cent suspension of the virus, so that the amount administered varied roughly 
from 10 s to 10 s M.c.t.t>. 15 day, 21 day, and 1 year old mice were used, and the 
results are summarized in Table VIII. 

The 15 day old mice were sacrificed at 20, 42, and 72 hours after 
inoculation. Control mice all had pronounced C.N.S. signs at 72 
hours. At 20 hours no virus was demonstrable in any of the structures 
examined. At 42 and 72 hours the virus was so diffusely scattered 
that one could not be certain about the paths which might have been 
primarily traversed. It has already been remarked that in 21 day 
old mice the disease has a slower evolution and occasionally even fails 
to develop. It was thought, therefore, that this might be associated 
with a slower progression of virus within the brain and might define 
more easily the routes taken. That this proved to be the case is 
evident from the results recorded in Table VIII. In one 21 day old 
mouse sacrificed at 24 hours, a trace of virus might have been present 
in the optic nerve and chiasm, while none was demonstrable in any 
of the other structures studied. In another mouse etherized at 24 
hours it was demonstrable only in the left diencephalon and mesen- 
. cephalon but not in the same structures of the right side or in any of 
the other parts tested. At 48 hours one mouse showed virus in the 
diencephalon and mesencephalon (tested in tola) and in the left, but 
not in the right occipital cortex, or in any of the other structures; 
another showed a trace of virus only in the left side of the dienceph- 
alon and mesencephalon and in the right Gasserian ganglion and fifth 
nerve. At 96 hours one mouse (which might have proved resistant) 
exhibited no virus in any of the structures, while in another, in which 
only the right and left sides of the diencephalon and mesencephalon 
and the right and left occipital cortex were studied, it was demon- 
strable in all, but definitely less in amount in the right (homolateral) 
than in the leit (contralateral) occipital cortex. 

Integration of the results obtained with the 21 day old mice leads 
to the belief that the decussating optic pathway is primarily used. 
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In view of what has already been said of the position of the Edinger- 
Westphal nucleus in the mesencephalon, the implication of the optic 
path is based on finding virus only in the contralateral occipital cortex 
at an early stage. The uniform absence of virus from the olfactory 
bulbs in the early stages shows that there was no contamination from 
that source. It cannot be ascertained from these findings whether 
or not the third nerve pathway was traversed and the involvement of 
the fifth nerve was either dubious or only suggestive. It is not certain 
that a similar course is necessarily followed by the virus in the 15 day 
old mice, although such a possibility is not excluded by the available 
facts. It is clear, however, that in order to establish the pathways 
followed by the virus from the eye, the present findings should be 
supplemented by suitable pathological studies. These will form the 
subject of the next paper. 

Among five 1 year old mice, the brains of which were examined on 
the 2nd, 4th, and 6th days, virus was found in only one, sacrificed on 
the 2nd day after intraocular injection. This may have been one of 
the exceptional mice which would have succumbed to the experi- 
mental disease. It should be noted again that while the contralateral 
occipital cortex of this animal had considerable virus, only a minute 
amount was present in the homolateral side. The absence of virus 
in the brain of two other mice sacrificed on the 2nd day, as well as in 
that of the other animals studied, suggests that after intraocular 
injection the barrier to cerebral invasion is probably in the eye of the 
old, resistant animals. 

DISCUSSION 

After inoculation into the leg muscles of young mice, virus was 
found to undergo considerable multiplication at the site of injection 
and to invade within 2 days the spinal cord by way of the sciatic nerve, 
giving rise on the 4th day to flaccid paralysis of the inoculated ex- 
tremity as the first clinical sign of the disease. The virus spread to 
the rest of the brain and the animals died. No virus was found in the 
blood, although the spleen was occasionally positive after injection of 
10 million M.C.L.D. Old mice injected similarly never showed signs of 
disease, regardless of the dose administered. In them no definite 
evidence of local multiplication could be obtained and in spite of the 
injection of as much as 10 million m.c.l.d. and the local persistence 
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for days of many thousands of m.c.l.d. of virus, it invaded neither the 
sciatic nerve nor the C.N.S., and the animals remained well. The 
fact that half the number of mice developed the typical paralytic 
disease after direct intrasciatic inoculation (with trauma to the nerve) 
suggested that some barrier at the site of intramuscular injection in 
the old mice prevented the virus from invading the nerve. This 
assumption was strengthened by the finding that the intrancural 
injection was not followed by a direct and immediate spread of virus 
into the C.N.S. ; the vims appeared to be localized in the nerve for at 
least 3 days, during which period none was found in the spinal cord. 
In animals which failed to develop the disease after intraneural in- 
jection, no virus was demonstrated in the C.N.S. . ■ 

To identify the nature and precise location of the barrier at the site 
of intramuscular injection, one must have a dearer and better founded 
conception than is now available of the mechanism by which a periph- 
eral nerve, like the sciatic, is invaded by virus deposited in the musde. 
If the virus could progress to the C.N.S. only along the axons, it might 
first have to penetrate certain specialized nerve endings, which per- 
haps may not be accessible except through the cells that they supply. 
If this were the case, one could understand how the mere presence of a 
large amount of a virus without the simultaneous capacity to attack 
the cells might fail to involve the nerve endings. It should be men- 
tioned, however, that rabies virus has been reported as being capable 
of invading a peripheral nerve without primary local multiplication 
(2). The absence of local multiplication in old mice cannot, there- 
fore, in itself be considered as the underlying factor of the failure of 
large amounts of vims which persist in the musde to invade the nerve. 
Furthermore, it will be shown in a subsequent publication that this 
same vims in another hosf, whose central nervous system as a whole 
is as susceptible as that of the mouse, is capable of local multiplica- 
tion in peripheral tissue without at the same time invading the nerve. 
The r61e of the nerve endings, therefore, deserves espedal considera- 
tion in further work on this subject. 

The investigations on the intranasal and intramuscular routes of 
inoculation revealed two apparently distinct mechanisms of resistance 
in old mice. In the former instance, the virus can involve the C.N.S. 
but the animal remains well because its progression is halted in a 
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silent area, probably somewhere in the anterior rhincncephalon, 
while after intramuscular injection, the barrier is peripheral, the virus 
being unable to invade either the peripheral nerves or the C.N.S. 
The effect of intraocular injection was studied in young and old mice 
because the special anatomical structure and relations of the eye, 
which were discussed in the text, afforded an opportunity for further 
elucidation of the nature of virus progression and of the changes which 
the age of the host may induce. Injections of the virus into the 
vitreous of young mice proved almost as effective in producing virus 
encephalitis as direct intracerebral inoculation. Old mice, however, 
with few exceptions, proved to be resistant, even when large amounts 
of virus were given. Experiments dealing with the spread of the virus 
from the eye to the brain indicated that in young mice the primary 
pathway is probably along the axons of the optic nerve with decussa- 
tion to the contralateral diencephalon and mesencephalon and subse- 
quent early spread to the corresponding occipital cortex. In re- 
sistant, old mice, however, the virus meets some sort of barrier within 
the eye and fails to invade the brain. 

The phenomena encountered in the present studies on the mode of 
progression of vesicular stomatitis virus after different routes of inocu- 
lation are difficult to explain except on the basis of the axonal spread 
of this virus, not only from the periphery to the brain, but also along 
specific closed or insulated tracts across synapses within the brain 
itself. The hypothesis of the development with age of certain local- 
ized barriers in the peripheral and central nervous systems as an 
explanation for the resistance of old mice to peripheral inoculations 
with this virus is tenable only in relation to such a concept. For this 
reason it was deemed advisable to attempt to obtain, if possible, 
pathological confirmation of the mechanisms which the purely bio- 
logical experimentation suggested. The results of such a study are to 
be presented in a subsequent paper. 

SUMMARY 

1. Injection of vesicular stomatitis virus into the leg muscles of 
young mice gives rise to flaccid paralysis of the inoculated extremities 
the first clinical sign of a disease which is invariably fatal; old mice 
similarly injected with the largest doses of virus survive without 
exhibiting any signs of illness. 
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2. In young mice the virus was shown to multiply at the site of 
inoculation and to invade the sciatic nerve and spinal cord; there 
was no evidence of multiplication of virus in the blood or viscera. 

3. In old mice, after intramuscular injection of as much as 10 million 
m.c.l.d., there was no evidence of either local or systemic multiplica- 
tion; in spite of the persistence of thousands of m.c.l.d. of virus at the 
site of inoculation for at least 4 days, there was no detectable invasion 
of the sciatic nerve or the central nervous system. 

4. Injection of the virus directly into the sciatic nerve of old mice 
led to the typical paralytic disease in half the number of animals. 

5. For 3 days after intrasciatic injection the virus could be demon- 
strated in the nerve but not in the spinal cord or brain. At the onset 
of paralysis (6th day) virus was detectable in the spinal cord but no 
longer in the inoculated nerve. 

6. The capacity of the virus to invade the central nervous system 
from the nerve but not from the muscle suggested the existence of a 
harrier in the muscle or myoneural junction. 

7. Injection of the virus into the vitreous humor of the eye is 
followed by a fatal encephalitis in 15 day old mice, but 1 year old mice, 
with few exceptions, survive without showing signs of disease. 

8. The spread of virus in the brains of intraocularly injected, 15 
day old mice was too rapid to indicate the pathways which were 
pursued, but in 21 day old mice there was evidence that the primary 
pathway was probably along the axons of the optic nerve with decus- 
sation to the contralateral diencephalon and mesencephalon, and 
subsequent early spread to the corresponding occipital cortex. In 
resistant, old mice, however, no virus was found in any part of the 
brain. 

BIBLIOGRAPHY 

1. Sabin, A. B., and Olitsky, P. K., J. Exp. Med., 1937, 66, 15. 

2. For a review of this subject, see Hurst, E. W., Brain, 1936, 69, pt. 1, 1. 

3. Hurst, E. W., J. Path, and Bad., 1930, 33, 1133. 

4. Maximow, A, A., and Bloom, \V., A textbook of histology, Philadelphia and 

London, W. B. Saunders Co., 2nd edition, 1935, 601. 

5. Craigie, E. H., An introduction to the finer anatomy of the central nervous 

system based upon that of the albino rat, Philadelphia, P. Blakiston’s Son 
and Co., 1925. 




PROPERTIES OF THE CAUSATIVE AGENT OF A CHICKEN 
TUMOR 


Xin. Sedimentation of the Tumor Agent, and Separation from 
the Associated Inhibitor* 

By ALBERT CLAUDE, M.D. 

(.From the Laboratories 0} The Rockefeller Institute for Medical Research) 
(Received for publication, March 22, 1937) 

Isolation of the agent causing Chicken Sarcoma I has been at- 
tempted repeatedly in this laboratory. By the use of methods of 
adsorption, gelatin precipitation, and dialysis, the tumor principle 
was successfully separated from a number of inactive or inhibitory 
materials (1). A study of the absorption power of the tumor extracts 
for ultraviolet light failed to establish a definite correlation between 
the absorption spectrum and the tumor-producing activity of the 
solutions, purified fractions of comparatively high tumor-producing 
power being practically transparent to ultraviolet light (2). These 
results suggested that the actual amount of the principle in the solu- 
tions tested was probably very small. Recently Lcdingham and Gye 
have applied a method of high speed centrifugation to the separation 
of the agents causing the Rous (Chicken Tumor I) and Fujinami 
tumors (3). Furthermore, McIntosh has obtained evidence of the 
concentration of the agents of several transmissible chicken tumors in 
the air-driven centrifuge of Henriot and Hugucnard (4). 

Since centrifugation seemed to afford a convenient means for the 
concentration as well as purification of the chicken tumor agent, the 
conditions of its sedimentation in intense centrifugal field have been 
investigated. The results presented in this paper show that separa- 
tion of the active principle, present in ordinary tumor extract, can be 
accomplished in a relatively short time by the use of a centrifugal 

* This investigation was carried out by means of funds from the Rutherford 
Donation. 
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force not exceeding 15,000 times that of gravity. Under these con- 
ditions the inhibiting principle, usual!}' associated in the tumor extract 
with the active agent, fails to be concentrated in appreciable propor- 
tion. The difference in the sedimentation constants of the tumor 
agent and its inhibitor was indicated by the greater tumor-producing 
power of the isolated sediment as compared with that of the unspun 
preparation. 


Material and Methods 

Tumor Extracts .— Fast growing tumors were used for these tests. The tumors 
were produced by inoculating 1.5 cc. of fresh tumor pulp in each side of the 
breast muscle of an adult Plymouth Rock hen. Normally the tumors so pro- 
duced developed rapidly, the bird rarely surviving the injection more than 12 to 
13 days. Well developed tumors were obtained between the 7th and the 12th 
day following inoculation. As a rule the tumors proved to be bactcriologically 
sterile, as shown by negative tests on agar and in broth. The fresh tumor tissue, 
or the tissue kept frozen until used (no more than 24 hours), was extracted with 
a volume of distilled water equivalent to 15 times the weight of the pulp. No 
alkali was added. The extract was centrifuged 20 minutes at 3,500 r.p.m. and 
passed through sterile gauze. The extract was filtered through a Berkefeld V 
candle, under negative pressure, the suction flask being kept on ice. The char- 
acters of the filtrates differed somewhat, according to the particular tumor used 
and to the porosity of the Berkefeld filter. The total solids of the filtrates varied 
from 1.3 to 2.7 mg. per cc., with an average dry weight of 2.1 mg. per cc. The 
viscosity of the Berkefeld filtrate, which varied greatly according to the amount 
of mucin present, was found to be from 1.12 to 3.04 times that of water at 20°C. 
as determined in the viscosimeter of Ostwald. In certain cases the time of centri- 
fugation at high speed was adapted to meet the particular high viscosity of 
the fluid. 

Centrifuge . — The device used for this work was the multispeed attachment and 
No. 295 head provided by the International Equipment Company, Boston, Massa- 
chusetts, for their type B, size 1 centrifuge. The whole centrifuge was installed 
in a cold room, the temperature of which changed slowly from 5-9°C. during the day 
when the centrifuge was in use. Under these conditions the temperature of the 
revolving head and of the fluid inside soon reached an equilibrium near 20 C., 
which was approximately maintained even when the centrifugation was continued 
without interruption for 4 hours. The average speed of the top, under cold room 
conditions, was 17,000 r.p.u. The glass tube occupied an inclined position at 51° 
angle with the axis of rotation. The inside diameter of the tubes used was 
approximately 1.2 cm., so that during centrifugation the maximum height of 
the column of liquid, perpendicular to the axis of rotation, was 1.9 cm. At 
17,000 R.PJU. the centrifugal force applied at the center of the tube was about 
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14,000 times the pull of gravity. In later experiments cellulose containers were 
used in place of the glass tubes and rubber caps, thus increasing the capacity of 
the centrifuge. 

Activity Tests— Tests for tumor-producing powers were made by injecting 
0.4 cc. of the test solution intracutaneously in adult Plymouth Rock hens. Each 
bird was injected in six areas in the breast region. This always included two 
areas injected with the untreated Berkcfcld filtrate, as control. In recording the 
results, an arbitrary index of activity was obtained by combining the number of 
positive inoculations and the average surface of tire tumors. 

TABLE I 


Displacement and Concentration oj the Chicken Tumor Agent by High Speed 
Centrifugation 



1 

Character \if test 
preparation 

Inoculation tests 
(16 to 32 day tumors) 

Preparation tested 

No. of 
areas 
in- 
jected 

No. of 
tumors 

Posi- 

tive 

inocu- 

lations 

Average size 
of tumors 


Transparent; Tyndall 
effect positive 

Clear; no Tyndall . 

effect 

Opalescent 

24 

1 

Ptr tent 

100 

cm. 

1.6 x 1.4 


18 

H 

22 

0.9x0. 8 

Concentrated sediment 

24 1 

1 

24 

! 

100 1 

2 3x1.6 


RESULTS 

Preliminary tests indicated a displacement of the tumor agent in 
filtrates submitted to a high centrifugal force and its concentration at 
the bottom of the centrifuge tube. 

The results recorded in Table I are computed from four experiments in which 
an active Berkcfcld filtrate was spun at 17,000 r.p.h. for 2} or 3$ hours. At the 
end of the centrifugation period 0.5 cc. of fluid, representing the upper part of 
the tube, was removed by means of a syringe, provided with a No. 26 gauge 
needle, and combined with the corresponding portions from the other tubes. 
The next 4.5 cc., or the remaining 5.0 cc. of the filtrate, was removed by the same 
technique and discarded. The sediment was resuspended in 0.5 cc. of the filtrate, 
left at the bottom of the tube for that purpose, or when the whole of the filtrate 
was discarded, in Tyrode’s solution of pH 8.8. The product was combined, as 
was the surface fluid, and the suspension used for inoculation tests. The final 
volume of the Tyrode’s solution in which the sediment was contained repre- 
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sented, according to the experiment, 1/4 or 1/10 the volume of the original 
filtrate. At the end of the centrifugation the temperature of the filtrate in the 
centrifuge was found to lie between 19° and 22°C., depending on the temperature 
of the cold room at the start. During the experiment a sample of filtrate, set 
aside as control, was left in the dark in a water bath regulated to a tempera- 
ture of 20°C. 

As shown in Table I, the effect of centrifugation was to decrease con- 
siderably the tumor-producing power of the filtrate at the top, and 
concentrate the tumor agent in the bottom fluid or in the sediment. 
The distribution of the tumor agent in the filtrate was next studied by 
testing the tumor-producing activity of successive sections of the 
column of fluid after centrifugation. The protocol of a typical test 
will be given, because it illustrates the trend of results which were 
obtained in subsequent experiments. 

The procedure adopted in the experiment is given in Table II. The column 
of filtrate submitted to 3 hours centrifugation was fractionated by removing 
from the tubes successive layers of fluid by means of a syringe provided with a 
fine needle (No. 26 gauge). The corresponding portions from each tube were 
combined and used for activity tests. The sediment was suspended in Tyrodc's 
solution and the coarse particles were discarded by 5 minutes centrifugation at 

3.000 r.p.m. The substance was deposited again by 2 \ hours centrifugation at 

17.000 RJP.li., and the wash solution removed by decantation. Before taking up 
the sediment, the tubes were always inverted to drain off the last drop of fluid, 
and their inside walls wiped with sterile gauze. The washed sediment from 33 cc. 
filtrate was resuspended in 5 cc. Tyrode’s solution. In this concentrated form 
the preparation was homogeneous, transparent, and slightly opalescent when 
seen against a dark background. An attempt to determine the absorption spec- 
trum of the solution showed that the “concentrated sediment” bad no more 
absorbing power for ultraviolet fight than the Tyrode solution used as control. 1 

Before injection, 5.6 cc. Tyrode’s solution were added to 1 cc. of the concen- 
trated preparation to obtain a dilution of the sediment comparable to that 
existing in the original filtrate. In this diluted solution the dry weight of the 
material isolated from the filtrate by high speed centrifugation was 0.0008 mg. 
per cc. 

The activity of each fraction tested is included in Table II. Six 
additional experiments were performed by following exactly the 
procedure outlined in Table II, but adjusting the time of efficient 

1 The ultraviolet absorption tests were made by Dr. A. Rothen. 
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centrifugation to 2, 3, or 4 hours. In every case, notwithstanding the 
increase in the time of centrifugation, the results were practically 
duplicates of those given in Table II. From the analysis of the 
results, one may assume that, after centrifugation, at least 10 per cent 
of the apparent tumor-producing activity was left in the filtrate. A 
definite concentration of the tumor principle had occurred in the 
bottom of the tube, as shown by the increased activity of the sixth 
layer of fluid. In spite of the successive manipulations to which the 
sediment was submitted, and loss of some activity in the process, the 
washed sediment exhibited a tumor-producing power greater than that 
of the original filtrate. This enhanced activity of the sediment was 
confirmed and emphasized in the following experiments. 

Table III gives the combined results of five experiments. The procedure 
followed was similar to that already given in the text and outlined in Table II. 
According to the experiment concerned, minor variations were introduced in the 
time of centrifugation, the number and length of preliminary centrifugation, and 
the number of washings of the sediment. In two cases the preliminary centri- 
fugation at 17,000 R.p.st. was continued for 20 and 25 minutes, respectively, and 
the experiment carried out with this more homogeneous filtrate. The time of 
effective centrifugation varied from 2J to 4 hours. The deposited material was 
taken up in 5 or 10 cc. of Tyrodc’s solution and the coarser particles discarded by 
5 to 10 minutes centrifugation at 3,000 a.p.st. The clarified sediment in Tyrode’s 
was again separated by 2 f to 4 hours centrifugation at 17,000 R.r.M. This washed 
sediment was resuspended in a volume of Tyrode's equal to that of the original 
filtrate and tested for tumor-producing activity. The Bcrkefeid filtrates used, 
after removal of the first sediment, were cither dear or slightly opalescent. The 
washed sediment always gave an opalescent solution. 

The results summarized in Table HI indicate that the chicken tumor 
agent is more effective when separated from the other constituents of 
the tumor extract. The increase in tumor-producing activity was 
not always striking, but it was constant throughout these experiments 
and was apparent in the size of the tumors and the percentages of 
takes. The results are more significant when one takes into account 
the fact that, even after 4 hours of centrifugation, the supernatant 
fluid was not wholly deprived of tumor-producing activity. The 
difference in tumor-producing power of the untreated filtrate and the 
washed sediment did not disappear on progressive dilution of these 
materials. On one occasion, both fractions from an experiment, 
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included in Table in, were tested at 1:10, 1:20, and 1:50 dilution* 
The size of the tumor decreased in both series, but the greater potency 
of the washed sediment remained manifest. The effect of washing 
on the tumor-producing power of the sediment was illustrated by the 
results of an additional test, in which the sediment, clarified by cen- 
trifugation at low speed, was tested before and after the last high 
speed centrifugation. The average size of the tumors produced after 
17 days by the clarified sediment and by the sediment after washing 
was 2.2 x 1.7 and 2.8 x 2.1 cm., respectively. 

The conditions of the separation of the tumor agent in the centrifuge 
have been controlled by the use of the respiratory pigments of the 
snail and of the horseshoe crab, proteins of high molecular weight 


TABLE m 

Separation of the Tumor Agent in More Effective Form by Centrifugation and 

Washing of the Sediment 




Inoculation tests (17 to 30 day old tumors) 

Test solutions 

Character of preparations 

No. of 
in- 
jections 

Positive 

inocula- 

tion 

Average 

size 

of tumors 

Index of 
activity 

Berkefeld filtrate 

Clear to slightly opal- 

38 

ptr cent 

89 

cm. 

2.1 X 1.6 

299 

Surface layer 

escent 

Clear 

24 

30 

1.0x0. 8 

24 

Washed sediment 

Opalescent 

46 

98 

2.6x1 9 

484 


which, in the oxidized form, have a deep blue color. An analysis of 
the results obtained with these substances follows. 

Sedimentation of Hemocyaniits.—When the hemocyanins of Helix 
and of Limnhis were submitted to high speed centrifugation, it was 
found that the pigments would separate with a sharp boundary which 
remained unblurred for some time after the centrifuge was stopped. 


The snail hemocyanins were obtained from the blood of the three species, 
Helix pomatia, asperse, and laden. The serum containing the respiratory' pig- 
ment was cleared by centrifugation and used without further dilution. The 
viscosity of such preparations was found to vary from 1.12 to 1.2, and the do- 
weight varied from 19 to 20.6 mg. per cc. Sedimentation tests tvere made with 
the reaction of the solution adjusted to pH 8.4, 6 . 6 and 5.3. Lwiulus polyphmus 
blood was withdrawn directly from the heart. The coagulum was discarded by 
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centrifugation and the serum stored at 0°C. under toluol. Dialyzed Limulus 
serum had a dry weight of 85 to 99 mg. per cc., and a viscosity of 1.2 to 1.4. The 
sedimentation tests were made with the dialyzed sera in concentrated form or at 
1/2 or 1 /10 dilutions, or with a 0.98 per cent solution of the rccrystallized protein, 
and carried out with the reaction of the solution adjusted to pH 7.4 or 6.6. 

The hemocyanin solutions were submitted to centrifugation at 17,000 r.p.m. 
for periods of 1, 2, 3, and 4 hours. The speed of centrifugation of the hemocyanin 
molecules was determined by direct measurement of the distance between the 
boundary of sedimentation and the meniscus. In each case the volume of dear 
solution above the boundary could be withdrawn without mixing the solution, 
as shown by the fact that the sedimenting boundary remained unblurred and 
that the sample obtained was pigment-free. The procedure used in obtaining 
samples of tumor filtrates from the centrifuge for inoculation tests was followed 


TABLE IV 

Speed of Sedimentation of Limulus and Helix Hemocyanins 



Limulus hemocyanin (molecular weight 
-204X m 

Helix hemocyanin (molecular 
weight - 5 X m 

centrifugation 

{278 R.P.SCC.) 

Distance between surface of 
fluid and boundary 

Volume of 
pigment-free 
solution with- 
drawn 

Distance 
between surface 
of fluid and 
boundary 

Volume of 
pigment-free 
solution with- 
drawn 


Calculated 1 

Found 

krs. 

cm. 

cm. 

cc. 

cm. 

cc. 

1 

0 18 

0 13 


0.40 

0.45 

2 

0.39 

0 37 


0.67 

0 SO 

3 

0.59 

0 60 


1.30 

1.60 

4 

0.79 

0.80 

| 0.90 | 

| Completely sedimented 


closely in removing the dear zone. As a rule, a sedimentation run of tumor 
filtrate comprised also a tube of hemocyanin solution as a control. The results 
of the measurements are summarized in Table IV. 

According to Svedberg and Chirnoaga (5) the respiratory pigment 
of Helix pomalia, near the isoelectric point, has a molecular weight 
of 5 X 10* and a diameter of 24 m/i. The principal component of 
Limulus serum has a molecular weight of 2.04 X 10 6 , as determined by 
Svedberg and Heyroth (6). The diameter of the Limulus hemocyanin 
molecule, computed from the results of Svedberg, was estimated at 
16.8 m/4. According to Stoke ’s formula, the velocity of Helix and 
Limulus hemocyanins in our centrifuge (278 R.p.sec.; viscosity 0.01; 
density of particle 1.36; mean distance from axis of rotation 4.4 cm.) 
would be 1.4 x 10~ 4 and 7.7 x 10* 5 cm. per second, respectively, and the 
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minimum time for their complete sedimentation would be 3 hours and 
45 minutes and 6 hours and 50 minutes. The findings presented in 
Table IV are in fair agreement with these figures. Helix hemocyanin 
was completely sedimented by 4 hours centrifugation and Limulus 
hemocyanin solutions required 7 hours for their complete separation. 
These results indicate that the centrifugation method used in this work 
is an adequate means for the separation of protein particles of 24 m/x 
or more in diameter. The fact that the hemocyanins separated with a 
sharp boundary indicates that convection currents, due to evaporation 
or heat gradients, and the vibrations communicated by the centrifuge 
during operation or while stopping, were negligible. Rotation com- 
municated to the column of liquid during deceleration had no appreci- 
able effect on the equilibrium reached in the fluid at the moment of 
the stop. The particularly sharp boundary presented by Limulus 
hemocyanin solutions indicated the homogeneity of the pigment 
under observation. This boundary remained unblurred as long as 8 
minutes after stopping the centrifuge, when diffusion became notice- 
able. The same sharpness of boundary was not observed in the 
sedimentation of Helix hemocyanin, blurring being especially pro- 
nounced at the late stages of centrifugation. This may have been 
caused by the presence of molecules of smaller size in the original 
material or by the formation, during centrifugation, of dissociation 
products, such as are known to occur under the effect of dilution. 

Under the same conditions no clear cut separation of the tumor 
agent was obtained. When tumor filtrates were centrifuged under 
conditions which proved to be sufficient to effect the separation of 
Helix hemocyanin, some tumor-producing activity was found to 
persist in the solution, even after a 4 hour run, although about 90 per 
cent of the tumor agent had been deposited during the 1st hour. 
This may indicate that an unrecognized factor, which does not affect 
the sedimentation of hemocyanin, is effective in preventing the com- 
plete separation of the tumor agent. It is also possible that part of 
the t um or agent is present in the solution in the form of units of 
smaller size, which are not appreciably affected by a centrifugal force 
sufficient to throw down particles of the size of Helix hemocyanin 

molecules. 
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Physical Characters of the Active Fraction of the Chicken Tumor 
Material . — An agent large enough to be affected by a centrifugal field, 
such as that applied in this work, may be expected to have a pro- 
nounced scattering effect on light when in solution. Observation of 
the Berkefeld filtrates and of the products of sedimentation seems to 
indicate that the tumor-producing activity is associated, to a certain 
extent, with the opalescence of the solution. The solutions were 
examined against dark background without special illuminating device, 
or else with a lamp provided with a condenser. As a whole, active 
filtrates were those which presented the most pronounced opalescence. 
Active filtrates, which at first inspection appeared to be clear or to give 
a faint Tyndall effect, were found to yield a sediment which, after 
washing, made an opalescent solution. Such solutions carried most 
of the tumor-producing activity of the filtrate. An estimation of the 
degree of dependence between the tumor-producing activity and the 
power of the solution to scatter light is prevented by the existence of 
two factors, essentially variable; namely, the concentration of in- 
hibitor and the proportion of the agent in the inactivated form. 
The same considerations apply to the study of the material examined 
with the ultramicroscope. Seen in the dark field microscope (dark 
field condenser and carbon arc lamp), the solutions carrying the 
activity appeared to contain innumerable particles of approximately, 
but not exactly, the same size. These particles appeared os minute 
granules, most of them isolated or in aggregates of several units. The 
biggest particles formed agglomerates suggesting microscopic clusters 
of precipitated proteins. All these particles showed the brownian 
movement. 

DISCUSSION 

The results presented in the present paper indicate that the agent 
causing Chicken Tumor I can be concentrated and, to a certain extent, 
purified by means of high speed and low speed centrifugation. The 
fraction, prepared by this method, represented about 90 per cent of 
the total tumor-producing activity and 0.03S per cent of the total 
solids of the original filtrate. On the basis of dry weight, the tumor 
agent -was concentrated about 2,800 times. 

Most of the tumor agent was deposited when the tumor filtrate was 
submitted to a centrifugal force of 14,000 times gravity for 1 to 4 
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hours. The persistence of some activity in the filtrate even after 
prolonged centrifugation might be attributed to disturbing forces, 
such as vibration or convection currents, which would interfere with a 
proper separation, or to redispersion of part of the sediment during 
rapid deceleration. In the present work, however, these factors were 
not sufficient to affect appreciably the separation from solution of 
Helix and Lhmlus respiratory proteins, used as control under the 
same conditions. The possibility that the tumor agent may occur in 
different states of aggregation or dispersion in the tumor extract is 
not completely excluded. Svedberg showed that native proteins may 
coexist in solution together with several aggregation or dissociation 
products of well defined molecular weight. The proportion of the 
various molecular species present may be conditioned by dilution or 
by the pH of the solution, and, within certain limits, the process is a 
reversible one (7). Erikson-Quensel and Svedberg suggested that the 
mosaic virus protein may exist as a monodisperse system in the native 
state, but they have shown that inhomogeneity can easily be brought 
about in vitro (8). Whether a portion of the extracted tumor agent 
may also dissociate into particles of smaller size, which would require a 
greater centrifugal force for their sedimentation, will be tested in 
further experiments. 

The speed of sedimentation of the tumor agent, or that part of it 
which was completely sedimented by a centrifugal force of 14,000 
times gravity, is in fair agreement with the expected velocity calcu- 
lated for a particle of 70 mu diameter, a figure estimated by Elford 
and Andrewes (9) to represent the probable size of the tumor agent, 
and for a density of 1.3. Centrifugation at that speed for 30 to 45 
minutes was sufficient to, throw down the agent, when the medium was 


Tyrode’s solution, 0.9 per cent salt solution, or water. Under the 
same conditions complete sedimentation of the respiratory pigment 
of the snail, with a sedimentation constant of 98.9 X required 

about 8 times longer. The diameter of the Helix hemocyanin mole- 
cule calculated by Svedberg and Chimoaga from sedimentation 
measurements, is equal to 24 mp (5). Assuming the_particles to be 
spherical, the volume of the tumor agent (radius - 3.3 x 10" 6 ) and of 
Helix hemocyanin (radius = 1.2 x 10-*) would be 1.79 x 10"“ and 
7 24 x 10 -iS cc., respectively. According to these figures, the tumor 
agent would correspond to 24.7 molecules of Helix hemocyanin by 
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volume. For a density of 1.36 and 1.3, respectively, the molecular 
weight of the particle would be 5.9 millions for the Helix hemocyanin 
molecule and 140 millions for the chicken tumor agent. Whether a 
particle of this size is chemically uniform or represents a system of 
more than one chemical substance remains to be determined. In a 
recent study it was shown that the tumor agent was inactivated by 
crystalline trypsin, indicating that a protein is an essential constituent 
of the particle (10). 

The experiments here presented have shown that the total tumor- 
producing activity of the filtrate was increased through the process 
of centrifugation and washing of the sediment. Recent experiments 
(11) have shown that an active agent and an inhibiting factor, asso- 
ciated in inactive extracts of a chicken fibrosarcoma (Chicken Tumor 
10), could be separated by means of high speed centrifugation. These 
observations support the view that the enhanced activity of the 
material separated from Chicken Tumor I extracts is the result chiefly 
of the dissociation of the tumor agent from an inhibitor. That such 
inhibitor exists in Chicken Tumor I was demonstrated in this labora- 
tory, and its separation was accomplished by various methods. 
Extracts from fast growing tumors were more active after being treated 
with an adsorbing agent, which removed the major part of the proteins 
in solution; and tumor desiccates yielded more active preparations 
after serial extraction (12). The present results are in agreement 
with these findings. The evidence that the tumor agent can be 
separated from the inhibitor by physical methods suggests that the 
two agents may fail to react and remain independent in mixtures that 
are inactive. In other words, these observations seem to indicate 
that the suppression of the tumor-producing activity of an extract is 
not the result of a direct neutralization of the active agent, and can be 
effective without destruction of the agent itself. 

SUMMARY 

1. The agent causing Chicken Tumor I can be separated from the 
other constituents of the tumor filtrate by means of high speed cen- 
trifugation. The separation was practically complete when a filtrate 
of average viscosity (0.018 poise) was submitted to a centrifugal field 
of 14,000 times gravity for 2 hours. 

2. Relative purification of the agent was obtained by means of 
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differential centrifugation and washing in Tyrode’s solution or in 
distilled water. The washed sediment gave opalescent solutions 
composed of minute particles of approximately, but not exactly, the 
same size. The dry weight of the active material separated by high 
speed centrifugation was 0.0008 mg. per cc. of filtrate, or about 1 part 
per 2800 parts of the total filtrate. 

3. The tumor-producing activity of the washed sediment was 
significantly greater than that of the entire original filtrate. It is 
suggested that the gain in tumor-producing power was effected by the 
removal of an inhibiting factor, known to occur normally in chicken 
tumor extracts. 
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Previous papers from this laboratory have shown that every intra- 
dermal injection is truly intralymphatic (1—3). Dyes introduced in 
this way enter the superficial plexus of lymphatics through channels 
tom by the needle; and particulate substances which are punctured, 
scratched or even “vaccinated” into the skin pass in some part directly 
, into these channels and are carried to the regional nodes (4, 5). Tom 
lymphatic capillaries remain open for hours (5), whence it follows that 
infectious agents introduced by way of a skin wound may reach the 
lymphatic glands directly. All this being the case, the possibility 
suggests itself that lymph nodes may do more in defense of the body 
than act as barriers in the way of invading organisms. Their activity 
in the latter relation is attested by their secondary involvement in 
infections of the skin and mucous membranes. Recent work has 
demonstrated the formation of specific bacterial agglutinins in lymph 
nodes draining the ears of mice into which killed cultures of bacteria 
had been injected intradermally (4). Experiments have how been 
carried out to determine whether the lymph nodes of rabbits elaborate 
a neutralizing principle effective against vaccine virus draining to them. 

Methods and Preliminary Experiments 
The lymphatics of the rabbit’s ear converge into one or two trunks 
which drain into a large lymph node in the region of the parotid gland 
and into a group of 2 or 3 nodes situated at the junction of the internal 
and external jugular veins. India ink and vital dyes can be injected 
intradermally in the outer fourth of the rabbit’s ear in such a way that 
several lymphatics are invariably torn by the needle, with the conse- 
quence that some part of the injected material drains to these nodes. 
Furthermore, it seems probable that much of the dye lying intersti- 
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tially after such an injection, later passes along the same channels (4). 
Dissections of the head and neck of 4 rabbits that had been injected 
into the ear with 0.05 to 0.4 cc. of dye intradermally showed that the 
colored fluid always reached the nodes in a few minutes. On the 
basis of this knowledge an experiment was carried out as follows: 

A suspension of vaccine virus, prepared as described below, was faintly colored 
by adding to each 50 cc., 0.3 cc. of an isotonic 11 per cent aqueous solution of an 
innocuous vital dye, patent blue V 1 (1, 2). 0.1 cc. of the colored suspension was 
injected intradermally in the outer fourth of the left ears of 3 rabbits. Almost at 
once the lymphatics at the base of the ear became visible because of a content oi 
stained fluid. 2 hours later, to prevent further possible drainage to the nodes of 
the injected side, the ear on this side was amputated under ether, and so too was 
its fellow. One of the animals was killed at once, the others after 24 and 48 hours. 
Dissection showed the draining lymphatics in the neck and the parotid and cervi- 
cal lymph nodes to be very faintly colored with dye in each instance. The left 
cervical lymph nodes of the two animals killed last were enlarged 4-fold, pale blue 
and hemorrhagic, whereas the right parotid and cervical nodes appeared normal. 
All were removed with precautions for asepsis, extracted by a method to be detailed 
shortly, and the extracts injected into the shaved skin of normal rabbits. In each 
instance extracts of the nodes from the side injected with vaccine virus yielded 
typical vaccinia lesions, whereas those from the uninjected side gave none. 


Having determined in this way that vaccinia entering the periph- 
eral lymphatics can be demonstrated in the regional lymph nodes 
48 hours later, we next sought evidence of its fate within the glands. 
Does it increase or decrease in the nodes with the passage of time? 
Do antiviral principles appear in the nodes? And if so, are these 
formed within them? 

To answer some of these questions experiments were begun in- 
volving the injection of suspensions of vaccine virus and its recovery 
from various tissues or body fluids as well as its subsequent titration. 
The techniques used will be described before detailing the experiments. 


Preparation of Vaccine Virus Suspension s.-Vncdne virus of the New \ ork City 
Board of Health strain was provided 5 as a 28th subculture with chick embryo 
tissue and Tyrode’s solution, cultivated in vitro. The pathogen. city of the strain 
had been revived twice by inoculation into susceptible rabbits (6) and it was propa- 


x General Dyestuff Corporation. 

1 This virus was kindly provided by Dr. T. M. Rivers. 
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gated further by us in the testicles of rabbits. For the purposes of this work the 
testicles of one rabbit, 3 days after inoculation, were minced with scissors, well 
mixed and passed through a Latapie grinder. 1 gm. portions were sealed in small 
tubes and placed in a freezing chamber at —20® to — 22®C. Later, when needed, 
active virus suspensions were obtained by grinding the contents of one of these 
tubes with sand in a TcnBrocck grinder, diluting with 100 cc. of Tyrode’s solution, 
and centrifuging at 1800 r.p.m. for 10 minutes. The supernatant fluid was trans- 
ferred to small tubes and again centrifuged at 2500 to 3000 r.p.jt. for 20 minutes. 
To exclude cells that might conceivably still be living (7), a monel ractal disc, 
attached to a stout wire and heated red-hot was held 2 or 3 mm. above the level 
of the fluid in the tubes until the surface layer boiled, thus killing such cells as 
might have come to the surface. The clear fluid of the middle layer was aspirated 
into a sterile syringe through a long lumbar puncture needle which was not allowed 
to touch the glass. The needle was removed and the aspirated fluid expelled into 
a fresh tube. A separate syringe and needle were used for each aspiration. The 
clear fluids thus obtained were centrifuged at high speed and again “de-cclled” in 
the same way. On inspection under the microscope the 1 per cent suspension 
obtained in this way appeared cell-free. It was employed as such or diluted 10- 
fold before injection. 

Methods of Inoculation . — In about half the instances, 0.3 to 0.4 cc. of the 1 per 
cent virus suspension was injected intradermally, 0.05 to 0.1 cc. at each of 4 sites 
near the shaved tip of the car. Before expelling the fluid, the injecting needle was 
thrust 3 or 4 times into each area to tear many lymphatics, thus assuring the in- 
troduction of some of the inoculum and the consequent transport of virus to the 
cervical lymph nodes. Under ether anesthesia the injected ears were amputated 
at the base, that is to say several centimeters from the nearest injection site, 2 to 
4 hours later. This was done to prevent the development of large vaccinia lesions 
at the site of injection, with consequent drainage of much virus to the nodes. In 
most instances the ear stumps healed without evidence of vaccinia infection there, 
but in a few animals local lesions developed. Because of this, other experiments 
were done without ear amputation, but with the dose of virus greatly reduced. In 
these instances the original 1 per cent virus suspension was diluted 10-fold, and 
only 0.1 cc. injected, at one site, that is to say approximately 1/40 of the dose used 
in the other experiments. Rabbits so injected developed typical vaccinia lesions 
at the injection sites, and no doubt virus drained to the neighboring lymph nodes 
during a period of several days. 

In all of the animals virus was injected into one ear only, with the addition in 
the earlier experiments of the small amount of dye already described. The dye 
served to demonstrate, not only that the fluid entered the lymphatics at the time 
of injection, but also showed at autopsy to which of the lymph nodes it had come. 
In later experiments the use of dye was abandoned because we had found that 
virus never faiJed to appear in the chain of lymph nodes draining the injected 
side. The omission did not entail any differences in the findings. 
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As result of the virus injections the cervical lymph nodes on the injected side 
ecame enlarged, inflamed and often hemorrhagic. In all the experiments the 
cervical nodes from the uninjected side as well as nodes from other portions of the 
body served as controls. To control the possibility that the inflamed nodes might 
m some manner take up from the blood protective principles formed elsewhere in 
the body, the cervical nodes of the side not injected with virus were experimentally 
inflamed in more than half the instances. This was done by injecting into the car 
of that side New York City Board of Health typhoid bacterin containing 1000 
million killed B. typhosus organisms to the cubic centimeter together with 750 mil- 
lion of paratyphoid a and /3. The bacterin was diluted 4-fold with Tyrodc’s solu- 
tion colored, as was the virus suspension, with patent blue V, and injected intra- 
dermally in the ear in the same amounts as the virus suspension in the other car. 
The bacterin caused the cervical lymph nodes to become enlarged, edematous and 
inflamed, the gross changes in these respects being roughly equivalent to those on 
the virus-injected side. They were tinged pale blue by the dye. 

In many experiments the injection of typhoid bacterin on the control side was 
omitted in order to compare the size of approximately normal lymph nodes with 
that of the enlarged ones on the virus-injected side. This was done only after 
several experiments had shown that virus could not be demonstrated in the nodes 
of the typhoid-injected side even after they had become inflamed, as further that 
extraction of them failed to yield a neutralizing fluid for vaccinia until many days 
after this had become the case with the corresponding nodes of the virus-injected 
side. 

At varying intervals from a few minutes to 15 days after introduction of the 
virus, the injected animals were etherized and samples of blood obtained asepli- 
cally for serum. The organs for study were then removed with aseptic technique. 
The lymph nodes from the parotid region and those lying at the junction of the 
internal and external jugular veins of the control side were first removed and 
weighed as a group. They will be termed the cervical nodes. The axillary’ nodes 
and one large inguinal gland were then taken from the same side and, if the experi- 
ments required it, samples of femur or tibia marrow, spleen or liver. To avoid 
possible contamination of other tissues with virus the cervical lymph nodes of the 
virus-injected side were removed last. All these tissues were weighed, placed in 
small Petri dishes and kept moist with filter paper saturated with Tyrode’s solu- 
tion. After tracings had been made of the size of the nodes the dishes were put 

to 10 days later the frozen 
e’s or Locke’s solution added 
xl in the centrifuge at 2500 
then tested. 

of the virus in the extracts, 
experiments to 10 -7 . Node 
Y but only to 10~*, 10~ 7 and 
intradermally (0.2 cc.) into 
(bits, varying the site of in- 


in the freezing chamber at —20° to —22 C. and 1 
material was ground aseptically with sand, and Tyrod 
to form 10 per cent suspensions. These were clean 
r.p.m. for 10 minutes and the supernatant fluids were 
Presence of the Virus — To determine the presence 
they were diluted in multiples of 10 to 10" s or in some 
material from the control side was diluted m this wa; 
10 -3 . The diluted suspensions were then inoculated 
the shaved sides of at least 3 normal brown-gray rat 
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jection from animal to animal. In each of these animals vaccine virus was inocu- 
lated as well, using for the purpose a freshly made dc-celled 1 per cent suspension 
diluted to 10~ 6 , 10 -c and 10 -7 . This was obtained from another frozen sample of 
the same testicular material originally employed for the ear injections and kept 
at ~30°C. in the freezing chamber, like the original material before its injection. 

Neutralization Tests . — These tests were employed to demonstrate the presence 
of antiviral principles in tire serum and in the tissue extracts. Some of the freshly 
made 1 per cent vaccine virus suspension was diluted 50,000, 500,000 and 
5,000,000 times. The resulting fluids were mixed in equal parts with the cleared, 
centrifuged 10 per cent tissue extracts or with whole serum or serum diluted 1 in 
10 with Locke’s solution, or both. There resulted 5 per cent tissue or serum mix- 
tures with vaccine virus in dilutions of 10 -5 , 10“ 6 and 10~ 7 . These mixtures were 
allowed to stand at room temperature for 1 to 3 hours before they were employed. 
The differences in interval caused no observable difference in the findings. This 
was to have been expected from the work of Andrewes (S), who found that im- 
mune serum incubated with vaccine virus before testing (within the limits im- 
posed by the tendency of the virus to deteriorate) showed no better neutralization 
upon inoculation into animals than did freshly made mixtures. Intradermal 
inoculations of 0.2 cc. of each of the virus-extract mixtures were then made upon 
at least 3 rabbits which also received the plain vaccine virus suspensions on the 
sides. Daily, for 7 days, these animals were examined and the size and character 
of the lesions traced and noted. 

The Fate of Vaccine Virus in the Lymph Nodes , 

How long docs vaccinia persist in the cervical lymph nodes following 
intradermal inoculation in the ear? 

An experiment to answer this question disclosed outstanding differ- 
ences in the amount of virus present in the cervical lymph nodes of 
the injected side in animals which were allowed to survive for differ- 
ing periods of time after amputation of the ears. 

In the manner already described, vaccine virus suspension, prepared in the 
usual manner, was injected near the tip of the shaved left ears of 6 rabbits. Under 
ether anesthesia these ears were amputated 4 hours later. After another hour one 
of the animals was killed and the cervical lymph nodes on the injected and unin- 
jected sides were separately removed and placed in the freezing chamber. On the 
next day and upon the 3rd, 5th, 7th and 11th days, respectively, a single animal 
of the lot was sacrificed and the material was treated in the same way. 

The de-celled extracts of cervical nodes in dilutions of 10 -1 to 10 -5 with Tyrode’s 
solution were then intradermally injected into the shaved sides of 3 brown-gray 
rabbits. The sites of injection were varied as usual. Only the extracts of the 
cervical nodes from the virus-injected side yielded lesions. The more concentrated 
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Text-Fig. 1 a. The vaccine virus content of cervical lymph nodes at intervals after injection in the ear. 
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VACCINIA-NEUTRALIZING PRINCIPLE IN LYMPH NODES 


extracts developed characteristic vaccinia lesions by the 3rd day, the more dilute 
extracts 24 to 48 hours later. These ran the characteristic course and daily for a 
•week their size was recorded, either by tracing it on a piece of transparent celluloid 
or by transferring caliper measurements to paper. The tracings taken from the 
test animals on the 3rd, 4th and 5th days are shown in Text-fig. 1 . In this and in 
subsequent charts the continuous lines represent the raised, indurated border of 
the lesion itself. The dotted lines show the boundary of the edematous swelling 
about the lesion, when present. Areas of beginning necrosis have been shown by 
hatching, advanced necrosis by cross-hatching, and crater formation in regressing 
lesions by solid black areas. The tracings in all the text-figures have been re- 
duced to the same extent and are therefore comparable. 

As shown in Text-fig. 1 the dilutions of the lymph node extracts recovered 4 and 
24 hours after injecting rabbits in the ear with vaccine virus gave rise to similar 
lesions. Material from the animals killed on the 3rd day yielded Larger lesions; 
that obtained 5 days after virus injection yielded smaller lesions again, and only 
in the lower dilutions. After 7 days still smaller lesions were obtained and the ma- 
terial taken on the 11th day yielded practically none. The findings from the last 
2 animals have not been included in Text-fig. 1, since they obtain abundant illus- 
tration in the charts of subsequent experiments. 


For about 3 days after the virus had been injected intradermally 
in the ears of the rabbits of this experiment, it appeared to increase 
within the cervical lymph nodes, as Text-fig. 1 shows, and this al- 
though the injected ears had been amputated 4 hours after the injec- 
tion. By the 5th day less virus was demonstrable, by the 7th day 
still less, and on the 11th day, none. 

It is evident from the survey of the technique already given that 
the interpretation of our results depended upon the finding of differing 
amounts of virus or of protective principle in the corresponding lymph 
nodes of the two sides. We desired to know whether the various 
amounts of virus found in the lymph node extracts could be ascribed 
to differences in the amounts which had reached the cervical lymph 
nodes immediately after intradermal injection into the ear. An 
experiment was done to test the point. 


Near the shaved tip of the left ear of each of 4 normal brown-gray rabbits 4 in- 
tradermal injections were made into the same approximate situations, of 0 1 cc. 
each of freshly de-celled 1 per cent vaccine virus suspension In the nght cam 
typhoid bacterin was similarly injected at 4 sites, 0.1 cc. in each. Approximately 
4 hours later the left ears of these animals were amputated, under ether, to render 
the technique comparable with that of other experiments to be reported below. 
They were then killed with chloroform and the right and left cervical lymph nodes 
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were aseptically removed and separately extracted with Locke’s solution as already 
described. Dilutions of the extracts, to 10 to 10“ 6 , were then injected separately 
in amounts of 0.2 cc. intradcrmally into the shaved sides of 3 normal brown-gray 
rabbits. 

In the meantime the left cars of 2 other animals were injected but once, with 
0,1 cc. of the virus suspension diluted 10-fold and the right ears injected with ty- 
phoid bacteria as described above. The ears were not removed later. The fol- 
lowing day these 2 rabbits were killed and similar titrations made with extracts 
of the cervical lymph nodes. The lesions resulting from both sets of titrations 
were charted daily for 7 days. No growth resulted from the fluids obtained from 
the right nodes, the side injected with typhoid bactcrin. The left node material 
of all the rabbits yielded typical vaccinia lesions at dilutions of 10- 1 , 10 -2 and 10~ J 
in all instances and at 10" 4 in only one. 

Only slight differences appeared among the lesions developing from the node 
extracts taken from the 4 animals with amputated cars. In size and in rate of 
development the lesions were like those yielded in the preceding experiment by 
node extracts made 4 and 24 hours after injecting virus in the ear. (Tracings in 
the first two rows of Text-fig. 1.) The differences were in no way as great as 
those shown in the remaining portions of Text-fig. 1. Obviously the cervical 
lymph nodes of the 4 rabbits contained similar amounts of virus 4 hours after the 
injection. Differences in the virus content of cervical lymph nodes as obtained in 
the previous experiment and in those to be described below may therefore be 
attributed to changes in the amount of virus after it had reached the nodes. The 
titration tests for the 2 rabbits given small doses of vaccine virus and allowed to 
live for 24 hours showed also no differences, indicating that similar quantities of 
virus reached the nodes in both animals. By chance the lesions were strikingly 
similar to those of the previous titration tests. Similar amounts of virus were 
present in the cervical nodes of the two groups of animals, one 24 hours after 
allowing a small dose of virus to drain in an intact ear, the other 4 hours after 
making the larger injection. 

In the preceding experiment (of Text-fig. 1) the virus content of 
the cervical lymph nodes was greatest in the animal injected 3 days 
previously. Nodes removed on the 5th and 7th days yielded less 
and less virus and by the 11th day gave almost no evidence of its 
presence. Was the virus destroyed within the nodes, and if so, how? 
To answer this question neutralization tests were done, to compare 
the lesions produced in the skin of healthy rabbits, by vaccine virus 
at certain Tyrode dilutions, with those resulting when it had been 
diluted instead with extracts of lymph nodes to which vaccinia had 
been carried on the lymph some days before. But first we determined 
the effect of extracts of normal lymph nodes. 
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Duran-Reynals (9) has shown that certain tissue extracts, notably those of 
the testicle, enhance the lesions produced by vaccine virus, whereas other extracts 
inhibit it. He found the effect of lymph node extract to be very slightly in- 
hibitory (9). It seemed wise to make further tests under the conditions of our 
experiments. They were carried out as a matter of general information despite 
the fact that we employed in all of our subsequent experiments control mixtures 
of vaccine virus and of extracts of lymph nodes from the side not injected with 
virus. 

The cervical lymph nodes were removed aseptically from a chloroformed nor- 
mal rabbit, and 10 per cent extracts were made in the usual manner. A freshly 
prepared, de-celled vaccine virus suspension was mixed with equal parts of the 
lymph node suspensions to yield final dilutions of 10~ 3 , 10~*, 10~ 5 , 10~ c . Each 
of these fluids was injected intradermally (0.2 cc.) at 2 sites in the shaved skin of 
each of 3 normal brown-gray rabbits. The resulting lesions were observed and 
traced daily for 10 days. For the sake of brevity no charts will be given, since in 
the charts of subsequent experiments comparable tracings are shown of the lesions 
arising from inoculations of plain virus and of virus mixed with extracts of normal 
and pathological lymph nodes. The extracts of normal lymph nodes exerted only 
the slightest inhibitory action, if any, upon the development of vaccine virus 
lesions, as shown by a comparison with the control lesions caused by plain 
virus at similar dilutions. 


Before searching for antiviral principles in the lymph nodes it was 
necessary to cope with one other possibility. It is well known that 
antibodies can be demonstrated in many organs and body fluids. 
In an animal flooded with antigen, they may appear in such quick 
succession in the various tissues and body fluids that one is unable to 
determine in which they first occurred. The satisfactory demonstra- 


tion of the presence of a neutralizing principle for vaccine virus in 
one tissue or body fluid prior to its appearance elsewhere in the bod \ , 
after injection in the ear, called for a dose of the virus so gauged that 
the rapid development of generalized vaccinia did not happen, al- 
though the animals became immune. We determined the dose by 
observing the clinical course of the disease for. 10 days in rabbits 
injected in one ear with various amounts of the virus. The tempera- 
ture of each animal was noted twice daily and the shaved skin of both 
sides of the body was watched for the appearance of pocks. Further- 
more sterile testicular stabs were made, as hereafter described with a 
view to inducing localization of vaccinia which would disclose its 
presence in the circulation. It is well known that generalized skin 
pocks develop in rabbits receiving large doses of vaccine vmm intra 
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dcrmaUy. We have noted the almost invariable appearance of skin 
pocks, usually on the 5th or 6th day after inoculation in our titration 
rabbits which necessarily received large amounts of vims. We there- 
fore examined the rabbits injected in the car with small doses of virus 
for a period of 7 days to see if they too developed generalized pocks. 
The final experiment to ascertain the dose selected for the purposes 
of the present work will be briefly described. 


Six normal brown-gray rabbits were injected in one ear with 0.1 cc. of fresh 
vaccine vims suspension diluted to 10' 2 . 4 hours later both ears were amputated 



Text-Fig. 2. Temperature curves of 6 rabbits injected in one ear with 0.1 cc. 
of a fresh vaedne virus suspension at a dilution of 10 -2 . The two heavy continu- 
ous lines record the temperatures of 2 of these animals in which, as described in the 
text, sterile testicular stabs were made. No localized vaednia lesions developed 
in these. The broken lines are the temperature curves of 2 uninoculated control 
rabbits. None of the animals receiving the virus developed generalized vaccinia. 

near the base. Rectal temperatures were taken at 10 a.m. and 4 p.rn. daily. The 
following day a wide area was shaved over the abdomen and both sides of each 
animal, not only to facilitate the finding of pocks should they develop but to cause 
abrasions and slight injuries of the skin in which virus might become localized. 
Under ether, aseptic testicular stabs were made in 2 of the rabbits, using 19 gauge 
needles. The organs were examined daily thereafter for evidence of lesions. On 
the 2nd, 3rd and 4th days the ear stumps showed only a slight amount of soft 
edema; none was red, warm or inflamed. Subsequent work has shown that the 
virus can be obtained from such stumps. On the 5th day the stump of the in- 
jected ear of one rabbit showed an irregular area of dry necrosis 1 cm. in diameter 
overlying the central artery and lymphatic trunks. Surrounding the necrosis 
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brawny induration extended for 2 cm. At no time was this animal’s temperature 
markedly elevated (Text-fig. 2, the line marked with an x), nor did the abdominal 
area show pocks. In later experiments about one-third of the animals so injected 
showed vaccinia lesions in the ear stumps. No pocks developed on the shaved 
areas of skin. In Text-fig. 2 the temperature curves of these animals are plotted. 
There was no exceptional increase in the animals with testicular stabs (heavy 
lines) and no localized lesions developed. It will be seen that the rabbits injected 
in this way failed to show the clinical signs of generalized vaccinia. Text-fig. 3 
shows as contrast the temperature curves (for the first 4 days only) of 3 rabbits 
used for routine propagation of the virus, and which received 1 intratesticular 



Texi-Fig. 3. The temperature curves of 3 rabbits inoculated intratesticularly 
with 0.75 cc. of a 1 per cent suspension of the same virus-containing material used 
with the animals of Text-fig. 2. Generalized vaccinia developed. 


injection of 0.75 cc. of a 1 per cent suspension of the same -virus-containing ma- 
terial used to inoculate the animals charted in Taxt-fig. 2. These animals ex- 
hibited generalized pocks. 

On the 7th day after inoculation 2 of the group of experimental rabbits were 
killed and the cervical lymph nodes of the injected and intact side were removed, 
as also samples of spleen, bone marrow and serum. Extracts of these tissues and 
specimens of the blood serum as well were utilized in titration and neutralization 
tests The latter disclosed the presence of a neutralizing principle in the serum 
and in the extracts of the cervical lymph nodes of the virus-injected side as will 
be evidenced further on. The animals that were let live and others similarly in- 
jected in later experiments proved refractory to infection when rcinocukted with 
0.2 cc. of the 1 per cent vaccine virus suspensions 2 weeks after the origin. 


jection. 
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The amount of vaccinia virus employed in this experiment gave 
rise to a localized infection which resulted in generalized immunity. 
In the later experiments the same dosage was employed. 

The Local Development of an Antiviral Principle 

The foregoing results provided a basis for neutralization tests to 
determine whether or not the lymph nodes are capable of elaborating 
an antiviral principle. At various time intervals serum, cervical 
and other lymph nodes and portions of the bone marrow and spleen 
were procured from 36 rabbits and titration and neutralization tests 
were carried out. In 6 instances the materials were taken 4 to 6 
hours after inoculation of vaccine virus into the ear, in another in- 
stance after 24 hours, in 1 after 2 days, in 5 after 3 days, from 6 
animals upon the 4th day, from 6 on the 5th day, 2 on the 6th day, 
4 on the 7th day, 2 on the 11th and 3 on the 15th day. The outcome 
of these experiments is best shown by presenting first the findings in 
the animals that had become highly resistant to vaccinia 15 and 11 
days after inoculation and then describing the results obtained from 
animals showing less and less neutralizing principle in the serum and 
organ extracts, 7, 6, 5, 4 and 3 days after inoculation, respectively. 

15 days after the inoculation of virus in the left cars of 7 rabbits in the manner 
described, 3 were killed. Specimens of the serum were taken and extracts made 
of the cervical lymph nodes from both sides, separately, from axillary and inguinal 
•lymph nodes, bone marrow and spleen. Titration tests and neutralization tests 
were carried out on 3 normal brown-gray rabbits, varying the injection sites as 
usual. The titration tests, even those done with the extracts of cervical lymph 
nodes from the virus-injected side, yielded no lesions. Thcneutralization tests, 
employing the extracts mentioned above mixed with vaccine virus suspension 
diluted 10 - *, 10 - ® and 10~ 7 , showed either complete neutralization, or marked 
inhibition of the ability of the virus to form lesions. In Text-fig. 4 are given the 
tracings of the few scanty lesions which appeared in these tests. Tracings of other 
lesions produced in the same test animals by suspension of virus alone are shown 
for comparison. It is to be noted that no lesions appeared when virus was mixed 
at a dilution of 10~ B with the extract from the lymph nodes of the virus-injected 
side or with the serum. Obviously an antiviral principle was widely present in 
the animals. 

The remaining 4 rabbits inoculated 15 days previously were intradermally in- 
jected in their shaved sides with 1000 infective doses of our virus and were found 
to be refractory. They served as controls to the state of the 3 animate which 
Were killed to furnish material for the titration and neutralization tests. 



86 


VACCINIA-NEUTRALIZING PRINCIPLE IN LYMPH NODES 





PHILIP t>. McMASTEfc AND JOHN G. KIDD 


87 


In another experiment 2 rabbits were inoculated with vaccinia in one ear and 
with typhoid bacterin in the other, as described. On the 11th day thereafter, 
titration tests with scrum, and the usual lymph node, spleen and marrow extracts 
failed to yield evidence of the virus. Neutralization tests showed neutralization 
of the virus almost equal to that after 15 days. Obviously in these animals too 
the antiviral principle was widespread in the body and very 7 effective. 

Pour rabbits injected 7 days previously with virus in one ear and with typhoid 
bacterin in the other served as the source for scrum and tissue extracts procured 
in the usual way. In 2 of these instances the cars were amputated, in the others 
left intact. Each extract was titrated upon 3 rabbits and neutralization tests 
carried out on 3 more with each of the extracts against vaccine virus at dilutions of 
10" s , 10*"® and 10 -7 , varying the injection sites. The findings in all were similar. 
Text-figs. 5 and 6 of typical instances show the results of the neutralization tests 
with virus at dilutions of 10 -s and IQ -8 , as theyappear in the test animals on the 
3rd, 4th and 5th days after inoculation. In the instance used for Text-fig. 5 the 
serum was diluted 1 in 10, that is to say to the same extent as the tissues from 
which the extracts were made. In the instance shown in Text-fig. 6 whole scrum 
was used. 

7 days after inoculation of virus in one ear and typhoid bacterin in the other 
the serum and all the tissue extracts showed some neutralizing ability, but far less 
than that of similar material taken from animals 11 days after inoculation. The 
highest concentration of antiviral principle was found in whole serum and in the 
extracts of the cervical lymph nodes of the injected side. Serum, diluted to the 
same extent as the lymph node tissue, and spleen extract exhibited less effective- 
ness in an almost equal degree. As Text-fig. 5 shows the extract of the lymph 
nodes of the typhoid -injected side showed least neutralizing power. By titration 
tests, not shown in the chart, virus was demonstrated to be still present in the 
nodes of the virus-injected side but there only. 

Text-fig. 6 demonstrates the strong neutralizing power of whole serum 7 days 
after inoculation in the ear, as compared with that of the diluted serum (Text-fig. 5). 
In making this comparison it is to be recalled that the lymph node tissue was 
diluted 10-fold and a direct comparison of its neutralizing power with that of whole 
serum cannot be made. One can only say that whole serum neutralized virus more 
readily than did the diluted lymph node extract. The neutralizing power of 
scrum procured on the 7 th day is not found in animals sacrificed earlier, for ex- 
ample on the 4th day, and the results in Text-fig. 6 should be compared with those 
m Text-figs. 8 and 9 in which the neutralizing effect by extract of the lymph nodes 
from the injected side proved to be greater than that of whole serum. The sig- 
nificance of this will be discussed below. 

Two similar experiments were done, using material from animals sacrificed 6 
days after inoculation of virus in one ear, in the usual manner. Text-fig. 7 shows 
the results of the neutralization tests of one of these instances. Vaccine virus 
suspension at 10“ 6 and 10 -e was much inhibited by the extract of lymph nodes 
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Text-Fig. 5. Neutralization tests with" tissue extracts and scrum.' Material procured after 7,.days. 
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Text-Fig. 6. Neutralization tests with tissue extracts and serum. Material procured after 7 days. 




90 VACCINIA-NEUTRALIZING PRINCIPLE IN LYMPH NODES 



Tf.xx-Fig. 7 - — Continued on Next Page 




PHILIP D. JIcMASTER AND JOHN G. KIDD 


91 


° 

O ° 

f§) o 


°o 


Q <©Q(S>| 

fr^\\ 


.s 

<n 

jyi)) S o 

e 

8 


Eg) 

@ 

0 0 O O ® 1 

*»' * o 

G 

.c 

0 

O 

O oo ©I. 

Tr 

<g> 

0 

o oQOi 

C ( 

"0 

o 

O Q 8 % 5 
8 
•5 

0 

O 

0 O fy o 8_ 

s 

O 

o 

I 

0 

o „ 0 © I 

Vaccine virus 
10" 6 in Locke’s 
sol. 

Extract of 
lymph nodes 
from virus 
injected side 

Extract of 
lymph nodes 
from typhoid 
injected side 
Serum diluted 
1-10 

Extract of 
spleen 
Extract of 
bone marrow 


■a 




o'o 

”a 

o 

3 

s 


M g .0I V snaiA jo 
UOiyeZTpSJtTlSU Jo sojSsq 


Text-Fig. 7 — Concluded 

Text-Fig. 7. Neutralization testa with tissue extracts and serum. Material procured after 6 days. 
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from the virus-injected side, but not by serum similarly diluted or by lymph node 
material from the uninjected side or by the spleen or bone marrow attracts. 

The findings after 5 days yielded still more instructive results. 6 rabbits 
received virus inoculations in one ear as already described, following which the 
injected ear was amputated in 3 cases while in the others the injected ear was left 
intact. All were sacrificed on the 5th day. These experiments were done at 
different times, and in each necessarily a different frozen specimen of testicular 
material from the same general batch was used as a source of vaccine virus. Of 
the 6 animals only one with ear intact and one with the car amputated received 
injections of typhoid bacterin into the ear not inoculated with virus. In these 
instances the nodes were equally enlarged at autopsy, edematous and hemorrhagic. 
In the other 4, only the cervical lymph nodes of the injected side were inflamed and 
6 to 8 times heavier than their companion nodes. The latter seemed in every way 
normal. 

In all 6 experiments the cervical nodes on the virus-injected side showed the 
presence of antiviral principle as evidenced by some neutralization of the virus on 
test. In 2 of the 6 instances the extract completely neutralized vaccine virus at a 
dilution of 10~ 7 and did so largely at 10 -6 , while the serum in corresponding dilu- 
tions showed far less antiviral power, when any, and the other extracts none what- 
ever. The extracts of the cervical lymph nodes of the other 4 animals manifested 
less antiviral activity and their diluted serum had none at all. In one of these in- 
stances the spleen extract neutralized the virus slightly. By titration tests virus 
was found only in the extracts of the nodes of the virus-injected side. The find- 
ings were so similar to those already described that no charts need be given. 

3 days after inoculation of virus in one ear an antiviral principle could be de- 
tected in the extracts of the cervical lymph nodes of the virus-injected side. 

Five experiments of the sort were carried out in the usual way with amputation 
of the injected ears in three. Typhoid bacterin was injected in the control ears in 
2 instances. In these cases the cervical lymph nodes of both sides proved to be 
greatly and about equally enlarged and hemorrhagic. The findings differed not 
at all from those in instances in which the bacterin had not been introduced. 

Tests showed the presence of virus only in the lymph nodes of the \ irus-injcctcd 
side, and the same extract in which it was demonstrated had slight neutralizing 
power. This was shown by a faint and irregular inhibition of the vaccinia virus 
in neutralization tests which were made in the usual way. There was no neu- 
tralization by the serum and none by axtracts of cervical lymph nodes from the 
uninjected side or by bone marrow or spleen. The tracings of the neutralization 
tests from this experiment are not shown. The neutralization of virus by the 
extract of lymph nodes from the virus-injected side was less sinking than that of 
similar node axtracts removed on the 4th day after injection of virus in the ear, as 
described in a following experiment and traced in Text-figs. 8 and 9. 

The neutralization tests showed the presence of antiviral principle 
spread widely through the body of rabbits injected intradermally m 
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one ear with virus 11 or 15 days before. Extracts of the serum and 
of various tissues obtained at shorter intervals of time following 
injection of virus in the ear showed less and less of the neutralizing 
principle. 1 week after such an injection whole serum, when mixed 
with vaccine virus suspension, neutralized the virus more than did a 
10 per cent extract of the lymph nodes of the virus-injected side, 
hut the latter showed more neutralizing power than the serum when 
similarly diluted. At an interval of 5 and 6 days after injecting virus 
in one ear the lymph node extract of the virus-injected side showed 
more neutralizing power than similarly diluted serum. Even after 
an interval of 3 days, the lymph node extract showed some neutralizing 
power and the diluted serum none. An experiment to be described 
below shows further that after an interval of 4 days the lymph node 
extracts from the virus-injected side showed more neutralizing power 
than whole serum. 

In these experiments virus could be demonstrated by titration 
tests in the extracts of lymph nodes from the virus-injected side at 
the same time that antiviral principle could be demonstrated in the 
same extracts by the neutralization tests. This finding was obtained 
in ever}' experiment in which these extracts were made 3 to 7 days 
after injecting virus in the ear. 

Is the Antiviral Principle Developed within Lymph Nodes or Merely 
Concentrated There ? 

The lack of neutralizing power of the extracts of the inflamed nodes 
draining the ear injected with typhoid bactcrin would seem to ex- 
clude the possibility that antiviral principle, formed elsewhere in 
the body and circulating in the blood, had collected or been concen- 
trated in the nodes of the virus-injected side. There remained another 
possible source of the antiviral principle other than the lymph nodes 
themselves, namely the tissues of the injected ears. The possible 
formation of bacterial antibodies in the skin has been stressed by 
Fembach and Hassler (10), by Cannon and Sullivan (11), Cannon 
and Pacheco (12) and others. An antiviral principle, formed locally 
in the ear tissue, might have drained directly by the lymphatics to 
the lymph nodes, and there accumulated. For virus often remains 
present for some time in the stump of an ear, injected with virus at its 
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tip and amputated a few hours later, as shown by the fact that about 
one-third of our animals so treated developed a definite vaccinia lesion 
in the ear stump. In about half our experiments the cars injected 
with relatively small amounts of virus were left intact, with the result 
that this could drain freely to the cervical nodes. For these reasons 
an antiviral principle was sought in the ear tissues. 


Two rabbits were injected in the usual manner with virus and typhoid bacterin, 
after which the ears of one were amputated. 4 days later serum and tissue ex- 
tracts were procured from the tissues of both animals as usual, and in addition ear 
tissue from the intact ears or stumps on both sides extracted. To obtain the 
latter the skin and all subcutaneous soft tissue above the cartilage on the upper 
side of the ear was removed, from its tip to a point three-quarters of the way to 
the base of the ear. This included all inflamed tissue, the vaccinia lesion on one 
side, and the area inflamed by the typhoid vaccine on the other side. In the in- 
stance in which amputation of the ear had been done, all soft tissue above the 
cartilage was removed from the tip of the stump to the base of the car. The 
material thus obtained from the etherized, living animal or from one just killed, 
held practically no blood, for the latter was squeezed out when skin and subcu- 
taneous tissue were stripped from the cartilage. The material was ground with 
sand and 10 per cent extracts made with Tyrode’s solution, as with the other tis- 
sues removed. Titration and neutralization tests were carried out as usual with 
all the extracts and the blood serum. The lymph node extract from the virus- 
injected side markedly neutralized the virus, that of the typhoid side did not. 
The ear tissue of the typhoid-injected side yielded no evidence of the presence of 
virus or of a neutralizing principle, whereas that of the virus-injected side, when 
injected into the test animals at dilutions of 10" 5 , 10' 6 and 10~ 7 , gave rise to large 
lesions, and when mixed with virus, as in neutralization tests, caused even greater 
ones. 


In the foregoing experiment the procedure employed failed to rule 
out the possibility that the action of an antiviral principle formed 
locally in the virus-injected ear had been masked by the presence of 
much virus. To overcome this difficulty wc sought for an antiviral 
principle in the extract of the tissue of the virus-injected ear by a 
method known to separate it from virus when both are present to- 
gether We resorted to filtration of the greater part of each of the 
ear and lymph node extracts through Seitz pads. The filtrates of 
ear and cervical node extracts thus obtained and the extracts them- 
selves were titrated on normal animals to see whether the tarns had 
actually been filtered out, and in addition both extracts and filtrates 
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were used for neutralization tests. A description of the experiments 
follows. 

Four normal brown-gray rabbits were injected in the left ears with vaccine virus 
suspension in the manner already described, 2 receiving 0.3 to 0.4 cc. of the virus 
suspension, the others 0.1 cc. In the right cars typhoid bactcrin was injected. 3 
hours later the left ears of the 2 receiving the larger dose were amputated under 
ether. After 4 days the animals with cars intact showed small vaccinia lesions 
at the injection site. Of the 2 with amputated cars one showed a single small 
lesion in the ear stump. Serum was procured and the usual tissue extracts made, 
with, in addition, an extract of the tissue of the ears as in the preceding experiment. 
It will suffice to give the results in one experiment, in which materials were pro- 
cured from an animal with the virus-injcctcd car intact, the ear likely to liarbor 
antiviral principle in its tissue. The other 3 experiments yielded similar results. 

Two 10 per cent extracts of ear tissue, one including vaccinia lesions, the other 
inflamed tissue of the typhoid-injected ear, and the extracts of the cervical lymph 
nodes of each side as well were filtered through Seitz filters. Enough of each ex- 
tract was saved so that titration and neutralization tests could be performed with 
both the unfiltered and filtered material. 

The neutralization tests were carried out upon 6 normal rabbits in the usual 
way. For comparative purposes injections were also made of ordinary virus sus- 
pension at the same dilutions, 1(H and 10“ 6 . The employment of so many test 
animals in this experiment avoided the injection of excessive amounts of vaccine 
virus in any one individual, which might have led to secondary activation of le- 
sions produced by the neutralization mixtures. The experiment carried out in 
this way contained its own control as concerned the efficacy of the filtration 
method to separate vaccine virus from an antiviral principle when both were 
present in the ear extract. For both were known to be present in the lymph node 
extract and they were successfully separated. 

Titration tests on some additional animals disclosed the presence of virus only 
m the extracts of the cervical nodes and of the ear tissue on the virus-injected 
side. It could not be found in the filtrates of these extracts nor in any of the 
other extracts or filtrates. 

Text-figs. 8 and 9 show the results of the neutralization tests made 
vrith vaccine virus diluted 10 " 5 and 10 -6 respectively. The Seitz 
filtration had effectively held back virus and allowed the passage of 
the antiviral principle in the extract of cervical lymph node of the 
virus-injected side; for this filtrate, which on titration test yielded 
no vaccinia lesions, markedly neutralized vaccine virus. Indeed 
the filtrate showed greater neutralizing power than the unfiltered 
extract, a fact explainable by the finding of some free virus in the 
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unfiltered extract, and this when added to that used in the neutraliza- 
tion test gave rise to slightly larger lesions. 

In contrast to such findings the filtrate of the extract of the virus- 
injected ear itself effected no neutralization of virus. It follows 
that there was no evidence of an antiviral principle in the ear tissue 
which might have been transmitted to the cervical lymph nodes. 
The extract of this ear contained much virus as shown by the titration 
tests, and when mixed with vaccine virus in neutralization tests 
yielded greater lesions than did the latter alone. Neither the node 
nor ear extracts or filtrates from the typhoid-injected side caused 
any neutralization of virus. 

The results of tests with whole serum and with serum diluted 1 in 10 
have also been charted. Neither show as much neutralization of 
virus as that caused by the extract of lymph node from the virus- 
injected side, the former showing some influence, the latter some- 
what less. The finding is striking when compared with those 
described in the 7 day experiment of Text-figs. 5 and 6. 


DISCUSSION 


The data prove that the regional lymph nodes elaborate an antiviral 
principle when virus is brought to them by way of the lymphatics 
from the injected ear, and that this is demonstrable within 4 days 
after the virus inoculation. The experiments indicate that it could 
probably be demonstrated even after a shorter time, following an 
injection of virus in the ear, were better testing methods utilized, as 
for example if protective substances and virus were separated by 
filtration or by electrophoresis (13). The antiviral principle was 
present in greater concentration in the extract of the lymph nodes of 
the virus-injected side than in the undiluted blood serum procured 
at the same time, and in far greater concentration than in the scrum 
diluted equally with the node extract. The possibility would seemto 
have been excluded that an antiviral principle developing in the in- 
jected ear or elsewhere in the body accumulated in the lymph nodes 
thus accounting for the findings. The control injections of typhmd 
vaccine inflamed both the injected ear and the nodes draining it, but 
no antiviral principle was ever found in either until long after their 
appearance in the nodes of the virus-injected side. 
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It may well be that under the conditions of the experiments, in 
which virus reached the nodes on the lymph stream in small amounts 
and generalized vaccinia did not occur, the lymph nodes played a 
major r61e in producing the neutralizing principle found in the serum. 
Certainly the antiviral principle developed first in the nodes. The 
circumstances were much like those of natural infection through cuts 
or abrasions in the skin or mucous membranes, with retention of the 
infecting agent by the draining nodes, and they were so like those of 
artificial vaccination that there is no need to stress this point. The 
immunity following clinical vaccination may well be of lymph node 
origin in great part. 

The relative amounts of antiviral principle present in the various 
organs or body fluids change much with the lapsed time after virus 
infection. For example the extracts and filtrates from cervical lymph 
nodes of the virus-injected side, procured 4 days after injection and 
diluted 10-fold, inhibited the activity of vaccine virus slightly more 
than did whole serum. Scrum diluted 10-fold had little or no effect 
upon the activity of virus. After 7 days scrum and node extract 
equally diluted show almost equal inhibitory powers, with the scrum 
slightly the weaker. Whole serum showed definitely more neutralizing 
ability than did gland extract. One may infer that some at least of 
the antiviral principle now present in the scrum was derived from the 
nodes. Whether it all came from them has still to be determined. 
The results in any individual case may depend largely upon the portal 
of entry of the virus, upon the quantity entering and upon whether it 
spreads rapidly or is retained by one tissue or organ. 

We have not sought to ascertain the earliest moment at which the 
antiviral principle appears in the lymph nodes. Much must depend 
upon the amount of virus reaching these organs. 

A word should be said concerning the methods employed. In our 
earlier experiments (4) on the formation of agglutinins in lymph nodes 
of mice, killed cultures or organisms were intradermally injected into 
ears which were later amputated. The amputation was done to exclude 
a seepage of antibodies from the dilated blood vessels of the inflamed 
ear to the interstitial tissue from which they might be drained by 
lymphatics to the lymph node. The procedure also prevented the 
possibility of drainage to the nodes of antibodies which might later 
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have been formed locally. The bacterin primarily introduced was 
entirely removed save for an insignificant amount present in lymph 
capillaries cut across at the time of amputation; and antibodies were 
not found in the tissue of intact, inoculated ears. The employment 
of active virus introduced a special difficulty. Amputation of the 
ear largely prevented seepage of antiviral principle into the inflamed 
tissue of the ear and thence to the nodes, but it did not prevent an 
increase of virus in the ear stump and the not infrequent occurrence 
of vaccinia lesions there. The presence of virus might well have 
acted to stimulate the local development of antiviral properties, were 
this possible, and the possibility would have existed even if intra- 
lymphatic injections had been made. It would have been ideal for 
the purposes of our work if one had been able to instil a known quantity 
of virus into the afferent channel of a lymph node without the infection 
of other tissues. But even under such circumstances virus would 
doubtless have passed from the lymphatic channel to proliferate in 
the tissues. 


SUMMARY 

An antiviral principle is elaborated within the regional lymph nodes 
draining skin into which vaccinia is injected. The immunity con- 
ferred by clinical Jennerian vaccination may be largely of lymph node 
origin. 
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Bile has the property of killing rapidly, and lysing completely, the 
cells of most strains of pneumococci (1). Not only has this reaction 
been used for the differentiation of the Pneumococcus and Strepto- 
coccus groups, but the possibility of obtaining solutions of pneumococci 
has been of some help in physiological and immunological studies of 
these organisms. The solubility of pneumococci in bile (or better in 
bile salts and unsaturated fatty acids) is commonly ascribed to the 
peptizing action of these agents and to their activity as epressors o 
surface tension. Neufeld observed that in addition to many proteins, 
lipids, and sterols, the protoplasm of “naked” bacteria (nackles Bak- 
lerien proto plasma) is readily soluble in bile; he explained the difference 
in the behavior of streptococci (insoluble in bile) and pneumococci 
(soluble in bile) as due to a more porous structure of the cell membrane 
in the latter group of microorganisms (1). Lord and Nye : (2), how- 
ever, and later Atkin (3), voiced the opinion that bile solubility is only 
an activation of the normal autolytic process, and that the lysis itself 
is caused by the cellular enzymes. This point of view was accepted 

by Mair (4). . , 

The breaking up of pneumococci can also be achieved by repeated 
freezing and thawing of the cells; in this instance, the stress due to the 
formation of intracellular ice crystals has been regarded as causing the 
disruption of the cells. It is a matter of importance, both for physio- 
logical and immunological studies, whether the techniques use or 
breaking up pneumococci involve only a change m colloidal state 
(peptizing action of bile salts and fatty acids, mechanical disruption 
caused by ice crystals), or whether they bring about more profound 
alterations of the components of the cellular structure. 
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MECHANISM OF LYSIS OF PNEUMOCOCCI 


It will be shown in the present paper that pneumococcus cells can be 
broken up by bile, by freezing and thawing, and by other techniques 
to be described, only when certain cellular enzymes are present in an 
active form, and when conditions are favorable for enzymatic action. 
It is likely, therefore, that when pneumococci are put in solution by 
these techniques, alterations take place which affect the chemical 
integrity of the cellular constituents. 

EXPERIMENTAL 

Methods. Pneumococci were grown in a peptone-beef heart infusion broth. 
The cells were collected by centrifugalization from 6 hour old cultures. 

Whole ox bile, filtered and autoclaved, was used in varying amounts as described 
in the experimental part; in some instances, a neutral solution of sodium desoxy- 
cholate was employed instead of bile. 

The process of freezing was carried out by immersing the cell suspension in an 
alcohol-carbon dioxide mixture at a temperature of about — 50°C. 

Conditions Which Determine the Bile Solubility of Dead Pneumo- 
cocci . — Whereas living pneumococci are readily soluble in bile, it is 
well known that suspensions of these organisms killed by heat, or by 
the use of formalin, are entirely insoluble in this reagent. The follow- 
ing experiments show, however, that it is possible to kill pneumococci 
under such conditions that the cells remain soluble in bile. 

Experiment 1 . — The cells collected from 250 cc. of broth culture of Pneumo- 
coccus Type I were resuspended in 25 cc. of ir/20 phosphate buffer pH 7.0; this 
cell suspension was distributed in 3 cc. amounts into eight tubes; iodine was then 
added in the concentrations described in Table I. The cell suspensions were 
incubated for 2 hours at 37 °C., and the presence of living cells at the end of this 
time tested by streaking the preparations on blood agar plates. 1 hour later, 
the cells in each case were washed free of iodine, and resuspended in 3 cc. of m/20 
phosphate buffer pH 7.0. Four of the preparations were then treated with 0.5 cc. 
of bile (tubes 5, 6, 7, 8), and the other four kept as controls (tubes 1, 2, 3, and 4). 
The eight preparations were incubated at 37°C. The results presented in Tabic I 
describe the effect of iodine treatment on the viability of the cells and the micro- 
scopic appearance (Gram stain) after 1 hour and 48 hours incubation. 

The results of Experiment 1 show that the pneumococci were rapidly 
killed by the smallest amount of iodine used; when these dead coca, 
and even the coed lulled with twice this amount of iodine were treated 
with 0.5 cc. of bile, they were found to be readily and completely 
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soluble. The cells killed with a large excess of iodine, however, had 
lost their solubility in bile. It is likely that, in this instance, the 
highest concentration of iodine was not only lethal but destroyed the 
autolytic enzymes, whereas the latter remained active with the smaller 
amount of iodine even though the cells were no longer viable. This is 
indicated by the fact that on prolonged incubation (48 hours) the cells 
in tubes 2 and 3 underwent spontaneous autolysis; whereas those 'in 
tube 3 were fixed and remained Gram-positive. 


table i 

Relations between the Viability, Bile Solubility, attd Autolysis of Pneumococci 
Treated with Iodine 


Tube 

Amount 
of M/10 


Growth 
on blood 
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Microscopic appearance after incubation at J7*G 
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Gram-negative detritus 
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— 

0.5 
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“ ii 

8 

0.1 

M 

“ 

0.5 

Gram-positive coed 

Gram-positive coed 


+++ -f indicates abundant growth. 
“ indicates no growth. 


The conclusion that it is possible to kill pneumococd without 
destroying their autolytic enzymes and their solubility in bile is further 
illustrated by another technique in Experiment 2. 

Experiment 2 . — A broth culture of Pneumococcus Type I was made acid to 
pH 4.4 by the careful addition of gladal acetic acid. No living organism could be 
recovered from the acidified culture (pH 4.4) kept for 2 hours at room temperature. 

The acid culture Was held for 1 month under these conditions. After this time 
the cells, which were still well shaped and Gram-positive, were centrifugalized and 
resuspended in 12 cc. physiological saline; half of this suspension (6.0 cc.) was 
heated in a boiling water bath for 10 minutes, and the other half kept unheated. 
4-0 cc. of each of the heated and unheated cell suspensions was neutralized by the 
addition of alkaline phosphate and the rest (2.0 cc. of each) maintained at an add 
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reaction. The materials were finally distributed in 2.0 cc. amounts into test 
tubes, some of which received in addition 0.5 cc. of bile (Tabic II). The bacterial 
suspensions were incubated at 37°C. and stained by the Gram technique after 
20 minutes and 48 hours incubation. 

The results of Experiment 2 demonstrate that pneumococci killed 
with acetic acid at pH 4.4 were still Gram-positive and retained their 
morphological integrity after the acidified culture had stood for 1 
month at room temperature. When the same cocci were resuspended 
in a neutral solution, they proved to be soluble in bile and underwent 
spontaneous autolysis, indicating that in spite of rapid cell death the 
autolytic enzymes had not been destroyed after prolonged exposure to 


table rr 

The Effect of Heating upon the Bile Solubility and Autolysis of Pneumococci Killed 

•with Acetic Acid 


Cocci killed 
with acetic acid 

pH of cell 

Bile 

Microscopic appearance after incubation nt 37*C. 



20 min. 

48 hrs. 

Unheated 

4.4 

cc % 

0 

Gram-positive cocci 

Gram-positive cocci 

ft 

7.0 

0 

tt tt 

Gram-negative " 

tt 

7.0 

0.5 

Gram-negative detritus 

“ detritus 

Heated 

4.4 

0 

Gram-positive cocci 

Gram-positive cocci 

tt 

7.0 

0 

tt tt 

tt n 

tt 

7.0 

0.5 

tt tt 

tt tt 


pH 4.4. If on the other hand, the enzymes in these same cells were 
destroyed by heating to the boiling point previous to neutralization, 
the cocci lost at the same time their ability to undergo autolysis and 
their bile solubility. 

Similar results were obtained when the cells were killed with citric 
acid instead of acetic acid. When, however, hydrochloric add or 
phosphoric acid was used, the results were very unsatisfactory. This 
is probably due to the greater difficulty with which mineral adds 
penetrate the cells in contrast to organic adds, and the consequent 
difficulty in establishing rapidly an intracellular addity sufficient to 
inactivate the enzymes, but not great enough to destroy ^them ir- 
reversibly. 
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The Effect of Reaction upon the Solubility of Pneumococci in Bile . — • 
Lord and Nve (2), observed a certain parallelism between the rates of 
autolysis and of bile lysis of pneumococcus suspensions at different 
pH and suggested that bile lysis may be only a modified form of the 
normal autolytic process. Since the bile acids and unsaturated fatty 
adds are insoluble under acid conditions, the rates of autolysis and bile 
lysis were compared at different alkaline reactions. 

Experiment 3. — The cells collected from 150 cc. of culture of Pneumococcus 
Type III were divided into six equal portions each of which was resuspended in 
4 cc. amounts of u/10 phosphate buffer at pH 7.5 and 8.0 and of m/ 20 NaOH in 
duplicate series. To one series 0.5 cc. of bile was added; the other series without 


TABLE ni 

The Effect of Alkaline. Reactions upon the Rates of Aulolysis and Bile Lysis of 
Pneumococci 


Bacteria In 

Bile 

Microscopic appearance after incubation at 37*C. 



20 min. 

l day 

3 day* 

7 days 

Buffer pH 7.5 
Buffer ptl 8.0 
u/20 NaOH 
Buffer pH 7.5 
Buffer pH 8.0 
u/20 NaOH 

cc. 

0 

0 

0 

0.5 

0.5 

0.5 

Gram-positive 

Gram-negative 

Gram-positive 

Gram-negative 

Gram-positive 

Gram-positive 

Gram-negative 

Gram-positive 

Gram-positive 

Gram-positive 

Gram-positive 


bile was kept as control. The preparations were incubated at 37°C., and at 
different intervals of time, stained by the Gram technique. The results are 
presented in Table III. 

The results of Experiment 3 indicate that the process of autolysis 
is slower at pH 8.0 than at pH 7.5 and completely inhibited in m/20 
NaOH. Bile lysis proceeds so rapidly that no difference in rate could 
be detected between pH 7.5 and pH 8.0; in m/20 NaOH, the pneu- 
mococci appeared completely resistant to the action of bile. 

The Effect oj Temperature upon the Bile Lysis of Pneumococci . Experiment 4 . — 
The cells collected from ISO cc. of culture of Pneumococcus Type III were resus- 
pended in 32 cc, of m/ 10 phosphate buffer pH 7.4 and distributed equally into 
eigUt tubes. Sodium desoxycholate was added in two different amounts and the 
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preparations incubated simultaneously at four different temperatures (22°, 37’, 
50°, and 60°C.). The course of lysis was followed by comparing relative differ- 
ences in the turbidity of the cell suspensions (Table IV), 

The results of Experiment IV indicate that the rate of lysis of 
pneumococci by sodium desoxycholate increases with temperature up 
to 50°C. and with increasing concentration of the bile salt. At 60°C., 
some lysis was observed to take place immediately, but the bacterial 
suspension never cleared completely; this may be traced to the rapid 
inactivation of the autolytic enzymes at high temperature. 


TABLE IV 

The Effect of Temperature on Lysis of Pneumococci by Different Concentrations of 

Sodium Desoxycholate 


1 per cent solution of sodium 
desoxycholate 

Temperature of incubation 

Minimum time required for complete lysis* 

cc. 

c c. 


0.02 

22 

Not complete in 3 hrs. 

0.02 

37 

3 hrs. 

0.02 

SO 

40 min. 

0.02 

60 

No lysis in 3 hrs. 

0.2 

22 

20 min. 

0.2 

37 

15 min. 

0.2 

50 

5 rain. 

0.2 

60 

Not complete in 3 hrs. 


* The degree of lysis was estimated in terms of the turbidity of the cell sus- 
pension. 


Experiment 5.— The cells collected from 150 cc. of broth culture of Pneu- 
mococcus Type I were resuspended, hah in 10.0 cc. of ir/20 borate buffer pH S.0, 
and half in 10 0 cc. h/ 20 borate buffer pH 8.6. The two suspensions were chilled 
in an ice bath, and to each was added 1.0 cc. of chilled 10 per cent sodium desoxy- 
cholate The progre=s of lysis was recorded in terms of clearing of the cell suspen- 
sions. The preparation at pH 8.0 was appreciably clearer after 1 hour in the ice 
bath, and completely lysed after 3 hours; the preparation at pH 8.6 was still 

somewhat cloudy s.t that time. _ . f 

As soon as the bile salt was added to the bacterial suspension, small samples of 

each preparation were removed and incubated at 3 TC. The preparation at pH 
somewhat cloudy for almost 2 hours. . 
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The Effect of Freezing upon Pneumococci .— It was shown in Experi- 
ments 1 and 2, that pneumococci killed under conditions such that 
the autolytic enzymes were not destroyed (moderate amount of 
iodine, or acetic acid at pH 4.4) remained soluble in bile and capable of 
undergoing autolysis. These two properties were lost, however, when 
the enzymes were destroyed by an excess of iodine or by heating to the 
boiling point. Interestingly enough the breaking up of pneumococci 
by repeated freezing and thawing seems to be governed by the same 
laws, and without describing the experimental details, one may state 
that dead pneumococci remain susceptible to disruption by the 
freezing and thawing technique as long as the autolytic enzymes of 
the cells remain potentially active. If then, the cellular breakdown 
which follows freezing and thawing is in some way related to the 
autolytic process, one must assume that in cells which have been 
exposed to these physical conditions, the autolytic enzymes can func- 
tion more rapidly than they do in the normal cell. The effect of 
freezing upon pneumococci is illustrated in the following experiment. 

Experiment 6 .~ The cells collected from 1000 cc. of culture ol Pneumococcus 
Type III were resuspended in 30.0 cc. of m/20 phosphate buffer pH 7.0. This 
suspension of living cells was distributed in 3.0 cc. amounts into four pyrex tubes, 
two of which (tubes 1 and 2) were kept for 3 hours in a bath of alcohol and car- 
bonic ice (temperature about — 50”C.) and the other two (tubes 3 and 4) kept at 
0°c. for the same length of time. At the end of this period, two of the prepara- 
tions (tubes 1 and 3) were treated with 10.0 cc. of M/2 NaOH and allowed to 
incubate at 45°C. in the alkaline medium. The materials in tubes 2 and 4 were 
also incubated at 45°C. for 30 minutes and only then treated with 10.0 cc. of m/2 
NaOH. At the end of the incubation period, the preparations were stained by the 
Gram technique (Table V). 

It appears from the results of Experiment 6 that the cells which 
have been frozen at — 50°C. undergo lysis very rapidly when the 
temperature is raised. The incubation time was in reality much 
shorter than 30 minutes since the frozen material had to be thawed 
before reaching 4S°C.; most of the cells which had been kept at 0°C. 
remained intact during the incubation at 45°C. Since no lysis 
occurred when the frozen cells were incubated in the alkaline solution, 
it is likely that the disruption of the cells in tube 2 was due to the 
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activity of the autolytic enzymes. The essential role of these enzymes 
m the lysis which follows freezing is again demonstrated in the follow- 
ing experiment. 

Experiment 7 .— The same cell suspension described in Experiment 6 was dis- 
tributed in 3.0 cc. amounts into two pyrex tubes. The two preparations were 
frozen and thawed six times, but the temperature of the material was never 
allowed to go above 0°C. even in the thawed condition. This was achieved by 
freezing at very low temperature (-50°C.) and thawing in the presence of 5.0 cc. 
saturated NaCl (to lower the melting point of the frozen suspension of pneumo- 
cocci). At the end of the sixth thawing, one of the preparations was treated with 
1.0 cc. of n/10 iodine to stop any enzymatic action, then incubated for 30 minutes 


TABLE V 

The Effect of Freezing upon the Autolysis of Pneumococci 


Tube 

Cells kept 
for 3 hrs. at 

Treatment 

Microscopic appearance 

i 

°c. 

-50 

10.0 cc. n/ 2 NaOH added, then 

Gram-positive cocci 



incubated for 30 min. at 45°C. 


2 

-50 

Incubated 30 min. at 45°C., then 

Gram-negative detritus 



10.0 cc. n/ 2 NaOH added 


3 

0 

10.0 cc. n/ 2 NaOH, then incubated 

Gram-positive cocci 



30 min. at 45°C. 


4 

0 

Incubated 30 min. at 0°C., then 

Some Gram-negative cells. 



10.0 cc. n/ 2 NaOH added 

Large number of Gram- 
positive cocci 


at 45°C.; the other preparation was incubated at the same temperature for the 
same length of time, and the iodine solution added only at the end of the incuba- 
tion period. Films stained by the Gram technique revealed only Gram-positive 
cocci in the former preparation and only Gram-negative detritus in the latter. 


This experiment demonstrates that mere freezing and thawing, even 
though repeated six times, does not bring about disruption of the 
cells of living pneumococci, if, immediately following the treatment, 
iodine is added in concentration sufficient to inhibit enzyme act.on; 
however the cells which have been frozen and thawed undergo lysis 
as soon as conditions become favorable for enzymatic action 

The “Flash” Lysis of Pneumococci Desiccated by Cold Acetone. 11 
suspension of live pneumococci (R or S foms) is precipitated mth ten 
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volumes of cold acetone, the acetone immediately removed, the 
material washed with cold acetone and dried in vacuo, one obtains a 
powder which illustrates in a startling manner the tremendous activity 
of the autolytic system of the pneumococcus cell. 

A small amount of desiccated cells, resuspended in saline or neutral 
buffer solution, and immediately smeared on a glass slide, reveals under 
the microscope only Gram-negative detritus. The cells appear to 
have been disrupted by the acetone treatment. If, however, the 
bacterial powder is resuspended in a medium capable of inhibiting or 
destroying the cellular enzymes (boiling water, dilute arid, dilute 
ammoniacal solution, iodine solution, formaldehyde, etc.) the material 
is found to consist of Gram-positive coed. Once more, therefore, the 
change in physical state associated with rapid desiccation with acetone 
at low temperature has so modified the cells that the normal processes 
of autolysis are greatly accelerated as soon as the conditions favorable 
for enzymatic action are restored. 

Toluol, ether, tricresol, many dilute antiseptics constitute other 
examples of agents which activate the autolysis of pneumococci, but in 
all instances, the cells retain their characteristic morphology and lysis 
fails to take place when the cellular enzymes are destroyed or pre- 
vented from exerting their lytic action. Low temperature, dilute 
acetic add, dilute ammonia, other inhibitors of enzyme action, suffice 
to render ineffective all the techniques so far devised to cause the dis- 
solution of living pneumococci. 

discussion ' 

It has been repeatedly shown in the preceding experiments that, to 
be soluble in bile, or liable to disruption by freezing and thawing, the 
pneumococd, living or dead, must still possess their autolytic enzymes 
in a potentially active form. Since enzymes are probably of protein 
nature, and probably active only in the native state, the previous 
observation might be interpreted as evidence that with denaturation 
of the cell proteins (and therefore inactivation of the enzymes) there 
is at the same time a loss of bile solubility. This explanation, how- 
ever, does not account for all the facts. If pneumococd are to be 
broken up by bile treatment, or by freezing and thawing, it is not 
suffident that the cellular enzymes be potentially active, it is also 
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essential that the conditions be favorable for enzymatic action. It 
appears, therefore, that dissolution of the cells involves the action of 
certain though not necessarily all of the autolytic enzymes. Does it 
mean that bile lysis, for instance, is identical with normal autolysis? 
This appears not to be the case. In fact, Goebel and Avery have 
shown that pneumococci can be put in solution by large concentrations 
of desoxycholate without any appreciable proteolysis; the bile salt 
acts as an inhibitor of the proteolytic enzymes (5). Bile lysis, as well 
as freezing and thawing, may involve as a necessary step only one, or a 
few, of the many stages of the autolytic complex. 

In addition to pneumococci, several protozoan and bacterial species 
are also soluble in bile. It is likely, however, that the mechanism of 
bile lysis is not the same in all instances. We have found, for instance, 
that Pfeiffer bacilli {Hemophilus influenzae) remain entirely soluble 
in bile after they have been killed by heat, and also in the presence of 
n/5 NaOII. This is in marked contrast to the conditions which obtain 
in the case of pneumococci and corresponds to the thesis upheld by 
Neufeld (1) and described in the introduction of the present paper. 
Pneumococci are Gram-positive organisms, Pfeiffer bacilli Gram- 
negative; one may wonder whether this difference in staining reaction 
is not associated with the difference in behavior of the two bacterial 
species with reference to the action of bile. It is perhaps worth 
considering that the substrate which has to be attacked by the auto- 
lytic enzymes to render pneumococci soluble in bile is the Gram- 
positive, structure which has been described in a previous paper (6). 

If the effect of bile, or of freezing and thawing is an indirect one, 
through the agency of some autolytic enzyme, what is the nature of 
their direct effect upon the cell? We have seen that when live pneu- 
mococci are frozen at very low temperature, or desiccated by acetone, 
the cells are so modified that the autolytic enzymes, which are held in 
abeyance in the normal cell, begin to function with great speed as soon 
as conditions become favorable for enzymatic action. Why this 
increased activity? Are the enzymes modified? Or the substrates 
upon which they function? It is also possible that there exists in the 
normal cell a certain cellular structure which prevents the enzyme 
from attacking its specific substrate and that this structure is de- 
stroyed by the treatment which causes lysis. 
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Wollman (7, S) has already shown that a great many antiseptics 
have the interesting property of activating the autolysis of different 
bacterial species when used in low concentrations, whereas higher 
concentrations of the same agents completely stop the autolytic 
process. This we have found to be true in the case of Pneumococcus 
and examples of this dual action will be described in subsequent 
studies. But it may be proper to point out at this time, that the 
hypothesis of the existence of a protective structure between the 
autolytic enzyme and its specific substrate, may help to explain certain 
discordant results. A great variety of agents (antiseptics) would have 
the property of breaking down this barrier between the autolytic 
enzyme and its substrate and therefore promote lysis. Some of these 
same agents, however, when used in high concentration, also inactivate 
the autolytic enzyme and therefore maintain the gross morphological 
integrity of the cell. Such is the case with phenol and formaldehyde, 
for instance. 

In view of these observations, lysis of pneumococci may be regarded 
as the result of an injury inflicted upon the cell by an agent or a pro- 
cedure which not only kills the ceil without destroying the autolytic 
enzymes, but also maintains conditions favorable for their activity. 

SUMMARY 

Pneumococci, living or dead, are soluble in bile when: (a) the auto- 
lytic enzymes are still present in a potentially active form; (b) condi- 
tions are favorable for enzymatic action. 

Bile solubility of pneumococci involves as a necessary step one, or a 
few, of the many stages of the autolytic complex. 

These observations hold true for the disruption of pneumococci by 
freezing and thawing, by previous desiccation with cold acetone, and 
by dilute solutions of antiseptics. 

A possible mechanism is discussed to account for these forms of 
lysis. 
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THE EFFECT OF THE BACTERIOLYTIC ENZYME OF 
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Under appropriate conditions, the immunization of rabbits with 
heat-killed encapsulated pneumococci incites the production of type 
specific prccipitins, directed against the capsular polysaccharides of 
the strains used as antigens. It is known, however, that in the rabbit 
the polysaccharides themselves cannot function as antigens, at least 
not in the form in which they have been extracted in solution from 
the bacterial cells. The intact heat-killed cell therefore appears to 
contain an antigen for which the capsular polysaccharide behaves as a 
hapten. Surprisingly enough, all efforts to obtain this hypothetical 
capsular polysaccharide antigen in solution have so far failed. More- 
over, it has been found that virulent pncumococd disintegrated by 
autolysis, by bile, or by freezing and thawing fail to incite rabbits to 
produce the type spedfic predpitins directed against the capsular, 
polysaccharides, whereas intact cocci function as cfhdent antigens (1). 
In a preceding paper it has been demonstrated that the disintegration 
of pneumococd by bile or by freezing and thawing involves as an 
essential step, the action of some at least of the enzymes which 
constitute the autolytic system of the cell (2). It appears likely, 
therefore, that under the conditions outlined above, the loss of anti- 
genidty suffered by pneumococd during lysis is to be traced to the 
action of intracellular enzymes upon the capsular polysaccharide 
antigen. Evidence for this point of view is presented in the following 
experiments. 


EXPERIMENTAL 

Cultures.—' Virulent pneumococd of Types I, II, and III were grown and 
preserved in blood broth and passed through mice often enough to maintain a 
113 
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degree of virulence such that 0.000,000,01 cc. of an S hour culture would regularly 
bloolfbroth 1111 ^ Wlthm 72 h ° UrS ' Cultures of R var >ants were similarly grown in 


^ eat ' KtlIed Cells — Young pneumococci were resuspended in a small amount of 
distilled water and rapidly added to a larger volume of distilled water at 75 6 C • 
the temperature was maintained at this level for 20 minutes. This process of 
“flash” heating was selected because it minimizes the chances of alterations due to 
enzymatic action (3). The volume of fluid was so arranged that the final con- 
centration of cells in the bacterial suspension was fifteen times greater than in the 
original culture. 

Bacteriolytic Enzyme .— The enzyme was used in the form of a crude autolysate, 
or of a filtered solution, or of a preparation partially purified by precipitation with 
flavianic acid. These three different preparations are described in a preceding 
paper (3). 

Methods of Immunisation . — The cell suspensions were injected into rabbits 
intravenously on 6 consecutive days, followed by a free internal of 1 week. Three 
courses were given, each animal receiving daily a dose containing the cells from 1 cc. 
of broth culture. The rabbits were bled on the 8th day after the last injection of 
each course. 

Mice were given three intraperitoneal injections, at 3 day intervals, of heat- 
killed cocci resuspended in 0.5 cc. physiological saline. The immunizing dose is 
described for each experiment. 6 days after the last immunizing injection, the 
mice were infected by the intraperitoneal injection of virulent pneumococci as 
described for each experiment. 

Serological Tats . — In all precipitin reactions, 0.5 cc. of immune scrum, or 
0.2 cc. of the serum diluted to 0.5 cc. volume with salt solution, was added to an 
equal volume of graded dilutions of the purified capsular polysaccharides. 'The 
mixtures were incubated for 2 hours at 37"C.; the final readings were made after 
keeping. the reacting mixtures overnight in the ice box. 


The Effect of the Bacteriolytic Enzyme upon the Antigenicity of Heat- 
Killed Pneumococci in Mice— It is known that when heat-killed 
pneumococci are treated with appropriate amounts of pneumococcus 
autolysates, the cells are disintegrated into Gram-negative detritus 
(4). The effect of this treatment upon the antigenicity in mice of 
Type I pneumococci is considered in Experiment 1. 


Experiment 1 —A mixture in equal volumes of a suspension of heat-killed 
pneumococci Type I and of active autolysate prepared from the same strain was 
incubated for 3 days at 37°C. Marked clearing of the cell suspension occurred 

and stained films revealed the presence of only Gram-ncgaUvc detritus. 

To serve as control a portion of the same suspension of heat-killed ceil ■» J 
incubated for the same length of time with an equal volume of thesame autolysate 
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which had been inactivated by heating in a boiling water bath for 10 minutes. 
In this case the heat-killed cells retained their characteristic morphology and 

* g“ups n of sixteen mice each were immuniaed with these P^araUot* . u 
indicated in Table I. Some of the mice received a total amount of 0.6 cc. of 


TABLE I 

The Eject oj the Bacteriolytic Enzyme upon the Antigenicity in Mice of Type I 


Pneumococci 


Immunizing materials 


Infecting organisms 


Hest-Villed pneumococci 
Type I treated with 

Total immun- 
izing dose 

Infecting dose 

rncumococeiu 

Type I 

Pneumococcus 

Type II 


cc. 

cc. 





Active enzyme 

0.6 

io-» 

D60 

D72 

D60 

S 

D18 

D18 

D18 

D36 




D96 

S 

D18 

D36 



io-« 

D60 

S 

D36 

D48 

Active enzyme 

0.12 


D60 

S 

D60 

S 

D18 

D18 

D18 

D18 




S 

s 

D36 

D36 

1 


10" 8 

S 

S 

D36 

D36 


0.6 

10"* 

S 

s 

D18 

D36 

enzyme 


10-< 

10"* 

S 

S 

s 

s 

D36 

D36 

D36 

D36 



10" 8 

S 

s 

D36 

D36 

Heat-inactivated 

0.12 

10-* 

S 

s 

D18 

D18 

enzyme 


10"* 

S 

s 

D18 

D18 


10" 5 

s 

s 

D36 

D36 



10" 8 

s 

s 

D36 

D36 

Control mice 


10-0 

D60 


D18 




10" 7 

D60 


D36 




10' 8 

D60 


D48 



S, survival of the animal. 

D, death of the animal; the numeral indicates the number of hours before death. 

suspension (containing the heat-killed cells from 4.5 cc. of the original culture); 
the others received a total amount of only 0.12 cc. of the same cell suspension. 
6 days after the last injection of antigen, the animals were infected with different 
doses of virulent cultures of Pneumococcus Type I or Type II. The survival or 
death of the infected animals is indicated in Table I. 
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. Jt a PP e ars from the results presented in Table I that all the mice 
immunized with the control intact bacterial cells (treated with the 
heated enzyme) were protected against the maximal infecting dose of 
Type I Pneumococcus used in the test (0.001 cc.). Immunization 
with the lysed cocci induced a variable degree of active immunity 
which, however, was less than that developed in response to the control 
antigen. In all instances the protection acquired was sharply type 
specific. 

It may seem strange that immunization with the smaller amount of 
disintegrated pneumococci (0.12 cc.) induced more efficient immunity 
than did the larger amounts of the same material (0.6 cc.). This is 
not, however, an unprecedented observation. Schiemann and Casper 
(5) immunized mice against infection with virulent pneumococci by 
the injection of preparations of the capsular polysaccharide of the same 
specific type as that of the organisms used as infective agent; they 
observed, however, that to be antigenically effective, the polysac- 
charide had to be used within a limited range of concentration; when 
too much was injected, no immunity resulted. Similarly, Avery and 
Goebel (6), following the studies of Enders (7) and of Wadsworth and 
Brown (8), prepared from Type I pneumococci an acetylated form of 
the capsular polysaccharide which was antigenic in mice under the 
conditions described by Schiemann and Casper. There exists, there- 
fore, an analogy between the irregular type of immunization described 
in Table I and the results of Schiemann and Casper, and of Avery and 
Goebel by the use of the polysaccharides alone. This analogy suggests 
that the protection induced in mice by immunization with disin- 
tegrated pneumococci may be due to the small amount of free poly- 
saccharide present in the preparation. 

The amount of bacteriolytic enzyme used in Experiment 1 was 
sufficient to cause complete disintegration of the heat-killed pneu- 
mococci. However, it has been shown in a previous paper (3) that it 
is possible to render the bacteria Gram-negative without affecting 
their characteristic morphology or causing an actual lysis of the 
cells When Gram-negative bodies, prepared from Type I pneu- 
mococci by the use of small amounts of enzyme, were tested for them 
ability to stimulate active immunity in mice, results similar to those 
of Experiment 1 were obtained. 
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The Effect of the Bacteriolytic Enzyme upon the Antigenicity of Pneu- 
mococci in Rabbits.— It is known that the chemically purified capsular 
polysaccharides of Pneumococcus cannot function as antigens in the 
rabbit. If the active immunity induced in mice (Experiment 1) by 
the immunization with Type I pneumococci treated with the active 
bacteriolytic enzyme is due solely to the presence of small amounts 
of free acetyl polysaccharide, then the same materials should fail to 


table n 

The Effect of the Bacteriolytic Enzyme upon the Antigenicity in Rabbits of 
Tyfc I Pneumococci 






Precipitin reaction 



Immunizing material. 

Pneumococci Type I 

treated with 

Rabbit 

2nd course ot immunization 

3rd course of immunization 

Final dilution of SSS I 

Final dilution of SSS I 



| 1:10,000 

1:50,000 
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- 
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— | 

— 

— 

— 

9 

■ 

“ 


— 

— 

— 


*f indicates the intensity of the precipitin reaction. 
— indicates that no precipitation took place. 


mate the production in rabbits of the homologous type specific 
precipitin. This is established in the following experiment. 

Experiment 2.— The immunizing materials were the same preparations used in 
Experiment 1. Three rabbits were immunized with the control bacteria treated 
with the heat-inactivated enzyme, while six animals received the cocci treated 
with the active enzyme. The animals were bled after the second and third course 
oi immunization and their sera were tested for the presence of precipitins for 
Type I capsular polysaccharide. The results are presented in Table II. 
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The results of Experiment 2 indicate that the serum of the three 
rabbits immunized with the control intact bacteria was capable of 
precipitating the Type I capsular polysaccharide; whereas the serum 
of^ s * x animals which had received the disintegrated pneumococci 
failed to react even after the third course of immunization. 

A decrease in antigenicity was also observed when the pneumococci 
were merely rendered Gram-negative, but not disintegrated. This is 
shown in the following experiment. 


Experiment 3— The heat-killed bacteria collected from 150 cc. of Type I pneu- 
mococcus culture were resuspended in 15 cc. of m/20 phosphate buffer pH 6.0, and 
treated with 1.0 cc. of a solution of bacteriolytic enzyme (prepared from an R 
strain derived from Type II) which had been purified by precipitation with fla- 
vianic acid (3). The cells exposed to the action of the enzyme for 18 hours at 
37°C. had become Gram-negative, but had not lost their morphology and there 
was no clearing of the cell suspension. The Gram-negative cells were ccntri- 
fugalized, resuspended in the same enzyme solution, incubated, and the same 
process again repeated. The bacteria were finally resuspended in physiological 
saline, and the cell suspension was found to have retained the same appearance as 
after the first digestion. 

To serve as controls, heat-killed pneumococci (Type I) were subjected to the 
same treatment described above (incubation at 37°C. in buffer pH 6.0, repeated 
washings) but without being exposed to the action of the enzyme; these bacterial 
cells remained intact and Gram-positive. 


The two rabbits immunized with the control intact bacteria devel- 
oped type specific precipitins for the capsular polysaccharide after 
the first course of immunization and the antibody titer increased as 
the immunization was continued. On the other hand, the sera of the 
three rabbits which had received the Gram-negative cocci still failed to 
give the precipitin reaction even after the third courseof immunization. 

Two conclusions can be derived from this experiment. 0) An 
enzyme prepared from an R strain derived from Type II, is capable of 
inactivating the capsular polysaccharide antigen of Type I pneu- 
mococci ( b ) Virulent pneumococci lose the ability of mating 
rabbits to form the type specific carbohydrate antibody when they 
are rendered Gram-negative, even though the cells retain their 

characteristic morphology. _ , , . . 

In the preceding experiments the bacteria used for immunization 
had been killed by heat; it will be shown in the following experiment 
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that the bacteriolytic enzyme is equally effective against cells killed by 
iodine. 

Experiment 4 .— The cells collected from 150 cc. broth cultures of Pneumococcus 
Types I and III were respectively resuspended in 10 cc. n/ 100 iodine and exposed 
to this reagent at 37°C. for 24 hours. This amount of iodine was sufficient to 
cause an irreversible inactivation of the cellular autolytic enzymes, and therefore 
to fix the cells as Gram-positive cocci (3). The iodinated cells were then washed 
twice with saline and resuspended in 7.5 cc. saline. Autolysates of Pneumococcus 
Type I and Type III were prepared as usual. 

Aliquot portions of the suspensions of the iodinated cells were then mixed with 
equal volumes of the autolysates as indicated in Table III, and the mixtures were 


TABLE in 

The Effect oj the Bacteriolytic Enzyme upon the Antigenicity in Rabbits of Iodinated 
Pneumococci 


Immunising miter ills 

No. of rabbits 

Precipitin reaction (final dilution of 
serum 1:5) 

Iodinated 

pneumococci 

Active enzyme pre- 
pared from pneumo- 
cocci 

Polysaccharide (final 

SSSI 

[dilution 1:100.000) 

SSS III 
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_ 
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Type I 

3 
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■El 

Type I 
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— 
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“ in 
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- 


incubated at 37°C. for 4 days; at the end of this time, the cells-autolysates mixtures 
revealed only Gram-negative detritus. 

Rabbits were immunized by the intravenous route with the suspensions of 
digested bacteria or with untreated Gram-positive iodinated cocci. The animals 
were bled after the second course of immunization and their sera tested for the 
presence of precipitins directed against the Type I and Type III capsular poly- 
saccharides (Table III). 

The results of Experiment 4 indicate that the rabbits immunized 
with the Gram-positive iodinated cocci developed precipitins directed 
against the capsular polysaccharide derived from the same specific 
type as that of the cells used as antigen; sera of all the other animals 
were negative for both polysaccharides. The. following conclusions 
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appear therefore justified, (d) The bacteriolytic enzyme inactivates 
the capsular polysaccharide antigen of iodinated pneumococci. (/>) 
This result is obtained with enzymes prepared from heterologous as 
well as homologous strains of pneumococci, (c) The components of 
the autolysates used as source of enzyme are themselves ineffective as 
capsular polysaccharide antigens. 

It has been shown in a previous paper that by desiccation with cold 
acetone, it is possible to kill pneumococci under such conditions that 
their own autolytic enzymes remain present in an active form (2). 
When these desiccated cells are resuspended in a medium which 
destroys or inhibits the enzymes, the bacteria retain their character- 
istic morphology and staining reactions; in a physiological solution, 
on the contrary, the desiccated cells undergo autolysis immediately. 
Experiment 5 describes the comparative antigenicity in rabbits of 
pneumococci killed with acetone and resuspended in neutral buffer, 
or in iodine solution. 

Experiment 5 . — The cells collected from 300 cc. of broth culture of Pneumo- 
coccus Type I were resuspended in 10.0 cc. of cold distilled water, precipitated 
with 100 cc. of chilled acetone, washed again with acetone, and desiccated in 
vacuo. Half of the desiccated cells were resuspended in 10.0 cc. of m/20 phosphate 
buffer pH 6.9; this suspension kept for 5 minutes at room temperature, revealed 
only the presence of Gram-negative detritus. It was immediately heated at 
70°C. for 20 minutes to prevent any further enzymatic action. 

The other half of the desiccated material was resuspended in 10.0 cc. of m/100 
iodine and maintained at 37°C. for 48 hours in this fluid. This suspension washed 
free of iodine was found to consist of Gram-positive cocci. 

Two groups of three rabbits each were immunized with these two preparations; 
the animals were bled after the second course of injection. The presence of type 
specific precipitins was tested, using the sera in final dilutions of 1 :2 and 1 :5 and 
the Type I capsular polysaccharide in final dilution of 1 : 100,000. 

The sera of the three rabbits immunized with the desiccated cells 
which remained intact and Gram-positive after iodination showed 
immediate precipitation in the presence of the type specific pol> sac- 
charide; on the other hand, no precipitin for the polysaccharide was 
demonstrable in the sera of the three animals which had received the 
desiccated cells allowed to autolyse in the neutral buffer solution. 

It appears from the results of this experiment, that the acetone 
treatment does not per se inactivate the capsular polysaccharide anti- 
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gen, nor (as previously shown (2)) does it inactivate the autolytic 
enzymes; the antigenicity of the desiccated cells is lost only as a result 
of enzymatic action. 

The activity of the enzymes present in the desiccated pneumococci 
was further demonstrated in the following manner. Type I pneu- 
mococci were killed with an amount of iodine sufficient to destroy 
irreversibly their autolytic enzymes (3), and then washed free of 
iodine. When acetone-desiccated cells were added to these iodinated 
cocci, the latter were reduced to Gram-negative detritus and, when 
injected into rabbits, failed to incite the production of precipitins for 
the type specific carbohydrates. 


DISCUSSION 


The capsular polysaccharides of pneumococci, long considered as 
true haptens, are now known to be antigenic in man, in mice, and in 
rats. Their antigenicity in mice, however, suffers some limitations 
hitherto unexplained. Casper and Schiemann (5), Avery and Goebel 
(6), have observed that when injected intraperitoneally into mice, 
these polysaccharides give rise to the development of active immunity 
only when used in very low concentration; when used in excess, the 
antigen is ineffective. At best, the protection induced in mice is 
somewhat erratic in contrast with the more uniform and greater 
immunity which follows immunization with the intact heat-killed 
cells. 


Heat-killed pneumococci (Type I), which have been disintegrated 
with the pneumococcus bacteriolytic enzyme, still retain the property 
of inducing type specific active immunity in mice. The results pre- 
sented in Experiment 1 indicate, however, that the enzyme-treated 
cells are not as efficient antigens as the intact cocci. In fact, the 
analogy between the antigenic activity in mice of the disintegrated 
coca and of the free acetyl polysaccharide suggests that the residual 
antigenicity of the former material may be due solely to the presence 
of small amounts of free polysaccharide in the disintegrated cell 
suspension. 

In the rabbit, the polysaccharides are not antigenic and fail to 
cause the production of precipitins, agglutinins, or protective anti- 
bodies, whatever the concentration or the route of injection used. It 
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is therefore apparent that in the intact bacterial cell, the capsular 
polysaccharide antigen is present in a form which differs in some way 
from the soluble products which have been isolated and purified. 

The capsular polysaccharide antigen loses its efficacy in rabbits 
when the cells are disintegrated by autolysis, by treatment with bile, 
or by freezing and thawing. These three techniques involve the 
participation of some at least of the autolytic enzymes (2); in fact, 
it has been shown that heated or iodinated pneumococci that arc 
capable of eliciting in rabbits the specific anticarbohydrate response 
lose this particular antigenic property after they have been exposed 
to the action of the active enzymes derived from homologous or 
heterologous strains of the organisms. This form of antigenic inacti- 
vation does not require that the cells have undergone lysis; it is 
sufficient that the enzymes render them Gram-negative, without 
destroying their characteristic morphology. 

It is essential to point out once more that the present study is con- 
cerned only with the precipitins directed against the type specific 
capsular polysaccharides of encapsulated pneumococci. It is prob- 
able, however, that there exist in the pneumococcus cell other antigens 
which differ markedly from the capsular polysaccharide antigen in 
possessing greater resistance to cellular enzymes. But in any case, 
the par am ount importance of the capsular polysaccharide antibodies 
in deter minin g active and passive immunity to pneumococcus infec- 
tions renders imperative the control of any autolytic process during 
the preparation of the cells to be used as immunizing agents. 

SUMMARY 

1. Mice immunized with heat-killed cells of virulent pneumococci 
(Type I) which have been treated with active preparations of the 
bacteriolytic enzyme, develop a certain degree of type specific resis- 
tance to subsequent infection. This active immunity, however, appears 
to be due to the small amount of free acetyl polysaccharide present 
in the suspension of digested bacteria, and is always of a less pro- 
nounced degree than that obtained with intact heat-killed cells. 

2 Virulent pneumococci killed by heat or iodine when subjected 
to the action of active preparations of the bacteriolytic enzyme lose 
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the antigenic property of stimulating in rabbits the formation of 
precipitating antibodies for the type specific polysaccharide. 

3. The enzyme prepared from S or R pneumococci, irrespective of 
type derivation, is equally effective against the capsular polysaccharide 
antigen of any specific type of this bacterial species. 

4. The inactivation of the capsular polysaccharide antigen is 
observed when the cells arc merely rendered Gram-negative, without 
being caused to undergo actual disintegration or lysis. 

5. These observations emphasize the importance of minimizing the 
chances of alterations due to the action of cellular enzymes in the 
course of preparation of the cell suspension to be used as immunizing 
agents. 
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PROPAGATION OF RABIES VIRUS IN TISSUE CULTURE 
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(From the Laboratories of The Rockefeller Institute for Medical Research) 
(Received for publication, April IS, 1937) 

It is generally agreed that rabies virus prior to 1936 had not been 
propagated in vitro. Levaditi’s (1) and Imamura’s (2) experiments 
indicated a survival but not an increase of virus; Noguchi s (3) findings 
have not been confirmed; Waldhccker (4) has reported only failures. 

In October, 1936, however, Kanazawa (5) reported the cultivation 
of rabbit fixed virus in rabbit embryo brain plus Tyrode solution, and 
in March, 1937, published confirmatory data (6). His first commu- 
' nication was not convincing on the grounds that his media lacked 
serum, an omission which impairs cultivation of many, viruses, in- 
cluding rabies (see below), and especially because he failed to show 
that his mice injected with later passage material were not succumbing 
to contaminants found in early passages but to rabies virus. The 
incubation period of his mice injected with culture material was less 
than that of mice given the original, supposedly virulent virus and 
less than that ordinarily encountered by others (Defries, 7 ; Webster, 
8). Kanazawa’s second report described a loss of virus after the tenth 
passage, its transfer and temporary survival in chick embryo brain, 
and a successful transfer back again to rabbit embryo brain and subse- 
quent maintenance for a total of twenty-six passages. He reported 
cross serum protection tests demonstrating similar protective effects 
with culture and rabbit passage viruses, and noted similar encephalitic 
lesions in mice following injection. 

In November, 1936, Webster and Clow (9) reported the propagation 
of rabies virus in mouse embryo brain plus serum-Tyrode media. 
They identified the flask culture with rabies virus by immunological 
tests and stated, furthermore, that the culture virus used as a vaccine 
protected mice against an intracerebral injection of street virus, and in 
dogs induced neutralizing antibodies promptly. The portion of this 
report dealing with cultivation of the virus will be described in this 
paper. 
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RABIES VIRUS IN TISSUE CULTURE 


Technique 

. Tiie metIloci used to establish in tissue culture three strains of rabies 
virus was generally similar to that employed by Rivers and Ward (10) 
for the propagation of vaccine virus. 


The origin of the three strains of vims was briefly as follows: Strain Sk 3 P t : 
Ammon’s horn of a supposedly healthy skunk was injected into the brain of six 
mice (8). These animals developed typical rabies with Negri bodies on the 7th 
day. The brain of one prostrate mouse was removed, emulsified, and injected 
into two mice. In this manner the vims was passed serially through six mice and 
then inoculated into the culture flask. Strain RiPjj was obtained from the brain 
of a rabid dog in New York and passed similarly through 88 mice. Strain R 6T P S 
came from the brain of a rabid dog in Alabama and was passed by us through eight 
mice. 


To Tyrode solution (NaCl, 8 gm.; K.CI, 2 gm.; CaCb, 0.2 gm.; MgCl : , 0.1 gm.; 
NaHsPCh, 0.05 gm.; NaHCOs, 1 gm.; glucose, 1 gm.; distilled II;0, 1,000 cc.) was 
added serum from normal Macacus rhesus monkeys in the proportion of 1 part to 
9 parts of Tyrode. This mixture was filtered through a Seitz pad, the pH checked 
at approximately 8.2, and it was then placed in 4 cc. quantities in 50 cc. Erlcn- 
meyer flasks. 

Embryo tissue was prepared by decapitating a 14 to 20 day pregnant Swiss 
mouse, removing the uterus to a glass dish, washing it twice with saline, removing 
embryos with fresh instruments to a second glass dish, washing them twice with 
saline, and finally enucleating their brains with other instruments and transferring 
them to a watch glass in a Petri dish. Brains were washed once and emulsified as 
finely as possible with small, curved scissors. They were then weighed and 
diluted with 2 parts of serum-Tyrode to one part of tissue. The mixture was then 
added in 3 drop quantities (approximately 0.2 cc.) to the 4 cc. of serum-Tyrode in 
each culture flask. 

Inoculation of rabies virus was made into the first flask by removing a virus- 
containing brain from a mouse prostrate following injection, emulsifying, and 
diluting it 1 to 1,000 with Tyrode. 1 cc. of this brain-virus suspension was then 
added to the flask of media. Flasks were then stoppered with tin-foil-covcred 
corks and incubated 3 to 4 days at 37°C. Transfer to the second flask was made 
by removing the 4 day culture to a centrifuge tube, allowing it to settle or cen- 
trifuging it slowly, and then transferring 1 cc. of the resulting supernatant to the 
second flask of media. This method of serial inoculation of culture media was 


reP Cultl7s we'remn in triplicate. Sterile technique was used throughout and 
tests for sterility were made by inoculating 0.2 cc. of culture into hormone blood 


r Th'e quantity of virus present in a flask at a given period was determined by 
withdrawing 0.5 cc. of supernatant, diluting it with Tyrode, and injecting 0.03 cc. 
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a various tenfold dilutions intraccrcbrally into Swiss mice. The ^highest dilution 
riving a 50 per cent mortality was regarded as the minimum lethal d s . 

P Prnnf that the flask material was rabies virus was obtained by giving m ce 
0 25 cc of the undiluted material intrapcritoncally and testing them 3 wcctelater 
f« resistance to an intracerebral injection of known rabies virus. A second 
Lcthod was to test the ability of known rabies-neutralizing sera to protect mice 
against the culture virus. 

RESULTS 

A protocol showing the establishment of the SK,I\ strain in culture 
is shown in Table I. The greatest dilution of the original inoculated 
virus giving 50+ per cent mortality was 10' 5 ; that of the first culture 
flask after 2 to 8 days’ incubation, 10“ ! . No change was observed for 
six serial transfers in flasks, after which the greatest effective dilution 
increased to 10"* or lO” 1 and has remained at that level for forty-two 
passages. Mice given the undiluted culture showed paralyses on the 
7th or 8th days; those given the 1 to 1,000 dilution came down on t le 
10th to 12th days. This latter incubation period is twice that re- 
corded by Kanazawa (5) . 

To identify the culture virus with rabies, a serum protection test 
was run with a known rabies-neutralizing scrum plus control sera from 
normal persons and individuals immunized against St. Louis, louping 
ill, and Japanese encephalitis viruses. The rabies serum mixed with 
culture virus protected the injected mice against the usual 100 intra- 
cerebral lethal doses, while the other sera failed to protect against one 
lethal dose. 

As an immunity test, nine mice were given an immunizing dose of 
thirteenth passage culture virus, 0.25 cc. intrapcritoncally, and seven 
mice a similar dose of fifteenth passage virus. 3 weeks later these mice 
were tested for resistance to an intracerebral injection of known rabies 
mouse passage virus. Table II shows that normal mice succumbed to 
a 10 -6 dilution of test virus, while the mice immunized with culture 

virus survived 1,000 times the fatal dose. 

To check the amount of virus in a given flask at various intervals 
following inoculation, three flasks were each inoculated with 1 cc. of 
the eighteenth passage culture and titrated at various intervals. 
Later the test was repeated on three flasks inoculated with the twenty- 
fifth passage culture. 



Propagation of Rabies Virus (SkzPe) in Tissue Culture 

Culture injected intracercb rally in 0.03 cc. amounts into two mice in dilutions 
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* 6/9 ■» mouse paralyzed on 6th day and dead on 9th day. 
— ■» dilution not tested. 

Blank spaces indicate mice remained well, 
t Mouse died of trauma within 12 hours of injection. 
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Text-fig. 1 shows that virus in the six flasks behaved relatively 
uniformly, being active in the 10“’ dilution on the 2nd day, 10~ 5 to 


TABLE n 


Anlirabic Immunization of Mice vnth Culture Virus 


Mice tested with standard \iius 0.03 cc. intraccrebr&Uy In dilutions 


Mice {nununtzed with 



to-* 

to-* 

10-* 



6/7*, 6/7, 6/8 
9/14, S, S 

6/S, 6/S, 6/9 
S, S, S 

13th passage culture virus 

S, S,S 

15th « « « .... 

S, S,S 

S, S 

s.s 


* 6/7 « mouse paralyzed on 6th day and dead on 7th day. 
— “ dilution not tested. 

S *= mouse remained well. 


Exponent of 10 



Text-Fig, 1 . Titration of rabies virus in embryo mouse brain serum-Tyrode 
tissue culture. 


10 5 on the 4th day, 10 -2 to 10~ 3 on the 7th, 10 -1 to 10~* on the 14th 
day and remaining at this level for at least 4 weeks. At 50 days there 
■was still active virus present in the two flasks tested. 
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The amount of inoculum per flask was reduced from 1 cc. to 0.5 cc. 
without altering the rate or amount of propagation of the established 
virus. 

Monkey serum was replaced by horse serum without apparent effect 
on the culture virus. If serum was omitted from the medium, it was 
not adequate to propagate a newly introduced mouse brain virus, nor 
an already established culture virus. 

Rabbit embryo brains were substituted for mouse embryo brains 
without alteration in titre of established culture virus. 

Chick Embryo Brain Plus Monkey Serum-Tyrode . — Mouse embryo 
culture virus was readily established in chick embryo serum-Tyrodc 
media (10). 

The media and technique differed from that described above only in the substi- 
tution of chick embryo brains for embryo mouse brains. A 10 to 12 day chick 
embryo was removed asepticnlly from the egg, washed in sterile saline, and placed 
in a Petri dish. The brain was macerated in a mechanical grinder or with scissors 
and the resulting emulsion diluted 1 part to 2 parts of serum-Tyrode. 4 drops 
were added to each flask containing 4 cc. of serum-Tyrode. 

After six and eight passages in the chick embryo culture media, the 
virus was active in the 10~ 3 dilution and readily identified as rabies. 

Preservation . — The culture virus remained active in the ice box at 
40° in fluid bulk or after freezing and drying. In both cases the virus 
was infective for 30 days w r hen diluted 1 0 ", and for at least 60 days 
when diluted 10 -2 . 


SUMMARY 

Rabies virus has been propagated in serum-Tyrode solution con- 
taining either embryo mouse brain or embryo chick brain. 

The culture virus reached a titre of 3 x 10~ 5 cc. after 4 days’ incuba- 
tion at 37°C., and survived at least 2 months at 5°C. in the liquid or 

dry state. 

We thank the members of the Laboratories of the Internationa! 
Health Division of The Rockefeller Foundation for helpful suggestions 
in carrying out this work. 
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THE MULTIPLICATION OF THE VIRUS OF YELLOW FEVER 
IN AEDES AEGYPTI* 


By LORING WHITMAN, M.D. 

(From the Laboratory oj the Yellow Fever Service ot Bahia, Brazil) 

(Received for publication, April 17, 1937) 

The question of whether or not yellow fever vims multiplies in 
Aides aegypli has long been a subject of debate. It is unfortunate 
that through lack of opportunity and material little work has been 
published on this subject. 

Gay and Sellards (1) in 1927 stated tlieir belief that such multiplication occurs, 
and they devised a hypothetical curve which proposed that there was fail 
drop in vims content followed by a rise. In 1932 Davis (2) showed that by 
increasing the temperature of the mosquitoes’ environment, the period °f 
tion between the infection of Aides aegypti and their capacity to transmit by bite 
was shortened. Conversely, lowering the temperature lengthened this period. 
He believed that this was evidence of the multiplication of the virus in the 
mosquito. In 1933, however, Davis, Frobisher, and Lloyd (3) published experi- 
ments on the titration of virus in Stegomyia mosquitoes in which this opinion 
was reversed. By grinding up mosquitoes at intervals following their infection 
and injecting dilutions of them into monkeys, they showed that there was first 
a loss of virus followed by a rise. But as they were never able to recover subse- 
quently as much virus as was present shortly after the mosquitoes were infected, 
they concluded that there had been no multiplication and that the incubation 
period could best be explained as the time required for the mechanical trans- 
portation of the virus to the salivary glands. Sellards (4) has reviewed Davis 
papers, criticizing the conclusions of the latter studies and reaffirming his own 
conviction that multiplication in the insect host occurs. He offers no further 
evidence. 


The possibility of virus multiplication in mosquitoes has received 
recent support in the experiments of Merrill and TenBroeck with the 

* The studies and observations on which this paper is based were conducted 
with the support and under the auspices of the Cooperative Yellow Fever Service 
maintained by the Brazilian Government and the International Health Division 
of The Rockefeller Foundation. 
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virus of equine encephalomyelitis (5). These authors have demon- 
strated that this virus can be passed from mosquito to mosquito with- 
out the intervention of an animal host. By feeding fresh batches of 
Aedes aegypti on the ground bodies of mosquitoes previously infected, 
they have maintained the virus in undiminished quantity through 
more than 10 generations, thus proving that the virus has multiplied 
sufficiently in the bodies of the insects to compensate for the tremen- 
dous loss at each transfer. 

Merrill and TenBroeck’s method of demonstrating multiplication is 
conclusive. But it fails to show the fate of the virus from week to 
week in the bodies of each generation of mosquito and is applicable 
only to those species which feed readily on artificial mosquito-blood 
mixtures. It also requires a constant supply of insects over a long 
period of time. As our intention was to study eventually not only 
Aedes aegypti but wild caught native mosquitoes as well, we decided 
upon the method of titration as being the most applicable to our 
needs. 


All Davis’ titrations were done in monkeys. This entailed consider- 
able expense. Furthermore as the number of animals injected with 
each dilution of mosquito emulsion was small, the susceptibility or 
resistance of the individual test monkey influenced considerably the 


results of the experiments. Webster, Clow, and Bauer (6) have 
reported that mice can be used in titration studies on the fate of the 
virus of St. Louis encephalitis in Anopheles quadrivtaculaltcs. This 


encouraged us to try these animals instead of monkeys, with the hope 
that by injecting 6 mice with each dilution of mosquito emulsion, a 
greater uniformity of results w’ould follow. It would also permit us to 
carry out a larger number of observations. 

In Davis’ titration experiments the mosquitoes were always infected 
at a time when the monkeys on which they fed were known to have 
tremendous quantities of virus in circulation. The initial titre of the 
mosquitoes was therefore very high and the drop during the next few 
days marked. It seemed to us theoretically possible that m the 
biological relationship between virus and mosqmto, the maximum 
titre obtainable following incubation might be lower than the artifi- 
cially produced high titre demonstrated immediately after the inges- 
tion of fully virulent monkey blood. It appeared logical to assume 
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that beyond a certain point, the growth requirements of the virus 
might surpass the capacity of the mosquito cells to supply them and 
that the maximum amount of virus present in the mosquito would be 
limited by this “supply and demand" Although Webster's results 
with Anopheles and the virus of St. Louis encephalitis have implied 
that there is a relationship between the initial and eventual litre of 
the mosquitoes, we hoped that by reducing the initial amount of virus 
in the mosquitoes, we could find a zone where sufficient virus was 
ingested by the mosquitoes to infect them all, but which would not 
yield titres too high to be surpassed should multiplication occur. 

Methods and Materials 

The Aides aegypti used in these experiments were raised in the laboratory. 
At the time of infection they were usually about 2 weeks old. They were kept 
in groups of about 200 insects each and w'ere infected by introducing into the 
cage the source monkey on which they were to feed. The monkey was placed on 
a board and its abdomen shaved. Yi hour sufficed for nearly all the mosquitoes 
to engorge, at which time the monkey was withdrawn. When it was anticipated 
that many infected insects would be needed, the monkey was placed in a second 
cage, in which case the fed mosquitoes in the two cages were considered as one 
lot. After feeding, all non-engorged insects were removed and discarded. At 
subsequent intervals units of 30 mosquitoes were withdrawn for titration. 

As mosquitoes vary in weight depending on the amount of water or honey 
they have recently taken, it was decided to adopt a standard weight of 2 mg. per 
mosquito rather than attempt to weigh them before each titration. Besides 
giving a constant basis for preparing diluents in advance, it saved the considerable 
time lost in weighing the insects after they had been anesthetized. The 30 
mosquitoes to be titrated were chloroformed, and as soon as they ceased moving 
they were crushed in a mortar with 0.3 cc. of a human serum pool. This serum 
pool had been tested for the presence of substances injurious to yellow fever 
virus and was known to be free from them. To the crushed insects was added 
a small amount of sterile pyrex glass powder as an abrasive, and the whole was 
ground to a smooth paste. The glass powder had been prepared by cleaning in 
concentrated sulfuric acid and washing with distilled water until acid-free. It 
had then been dried and distributed in tubes for sterilization. After the mos- 
quitoes had been ground to a paste, 2.64 cc. of a 10 per cent dilution of the above 
mentioned serum in normal salt solution was slowly stirred in. In this way 30 
mosquitoes weighing 60 mg. were diluted with a total of 2.94 cc., making a 1:50 
suspension by weight. This material was centrifuged for 5 minutes at low speed 
an the turbid supernatant fluid pipetted off for use, care being taken to avoid 
the film of fat which floats on the surface of the liquid. Serial tenfold dilutions 
°f the I: SO suspension were then made in the 10 per cent serum-saline diluent, a 
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fresh pipette being used for each transfer. 6 mice were injected intraccrcbrally 
with each of the dilutions, the volume of the inoculum being 0.03 cc. 

To control the amount of virus originally taken up by the mosquitoes, the 
monkey was bled immediately after the insects had fed and the serum virus was 
titrated in mice. Serial tenfold dilutions were prepared, using the standard 10 
per cent serum-saline diluent, and each of the dilutions was injected into 6 mice 
intracerebrally in 0.03 cc. amounts. 

The Asibi strain of virus was used throughout these experiments. 

In calculating the titres of both the monkey sera and the mosquitoes, a sta- 
tistical method advocated by Muench was used (7). The end-point is con- 
sidered as that dilution of virus which, when injected in 0.03 cc. amounts into 


TABLE I 


Titration of 30 Mosquitoes from Lot 5, 59 Days after Their Infection 


Dilution of 
mosquitoes 

Day of death of mice 
following inoculation 

No. of mice 

Cumulative No. 

Vyinf 





1:50 

S, 8, 8, 8, 9, 10 

6 

0 

18 

0 

per cent 

100 

1:500 

8, S, 8, 9, 10, 11 

6 

0 

12 

0 

100 

1:5,000 

10, 11, 11, 11, 13 

5 

1 

6 

1 

85. 7* 

1:50,000 

10 

i 

5 

1 

6 

14.3* 

1:500,000 


0 

6 

0 

12 

0 


* The difference between these two is 71.4. To reach a 50 per cent end-point, 
we need a dilution 35.7:71.4 of the distance between 1:5,000 and 1:50,000. 
This, calculated from a graph supplied us by Dr. Muench, is 1:16,000. 


the brains of mice, will produce a 50 per cent mortality. In this paper we have 
used the reciprocal of the dilution instead of the dilution itself to signify the titre. 

To clarify this method of determining the numerical end-point. Table I sum- 
marizes an actual titration. 

Assuming that the mouse dying following the injection of the 1 :a0,000 dilu- 
tion would have died if injected with the more concentrated suspensions and 
conversely, that the mouse surviving the 1:5,000 dilution would have survived 
the more dilute suspensions, we can calculate the survivors and deaths as .Uus- 
trated in Table I, thus smoothing out minor irregularities. From this vc can 
calculate the exact end-point by means of Muench ’s graph. 


EXPERIMENTAL 

The first experiments were more or less exploratory and were not 
intended to be complete. It was our object to get a bncf vtew of th 
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general response of the mosquitoes and to determine if possible the 
theoretical maximum concentration of virus in them. 

Experiment A— Mosquitoes of lot 1 were allowed to feed on a rhesus monkey 
at the time when it first had fever following the inoculation of yellow fever virus. 
After the mosquitoes had engorged, the monkey was bled and the serum titrated 
in mice. The litre was moderately high (495,000). Groups of 30 mosquitoes 
were withdrawn from lot 1 for titration 8, 16, 24, and 32 days after feeding on 
the monkey. The 8th day titre was 1 ,500, with a definite rise at each subsequent 
titration until at 32 days it had become 16,000. Table II gives the detailed results 
of this experiment. 


TABLE II 


litres of Asibi Yellow Fever Virus in Acdes aegypti at Intervals Following Their 
Infection 


Time after feeding 

Mosquito lots 

(Titres of monkey serum at time of feeding) 

1 

(495.000) 

2 

(1,800) 

3 

(1.000.000±)« 

day] 

3 



Of 

_ 

6 

— 

— 

500 

8 

1,500 

— 

— 

14 

— 

1,170 

— 

16 

5,000 

— 

28,400 

24 

11,700 

— 

— 

25 


16,000 

— 

28 

— 

— 

16,000 

32 

16,000 

— 


— = not tested. 

* See text. 

t No virus detectable in 1:50 dilution. 


Experiment 2 . — Mosquitoes of lot 2 were fed on a rhesus monkey on the 2nd day 
following its inoculation with source virus. At this time the monkey had no 
ever, and the titration of its serum showed that there was a very small amount 
of virus present in circulation, the titre being only 1,800. The mosquitoes were 
titrated 3, 14, and 25 days after their infectious meal. 3 days after the ingestion 
o t is small amount of virus none could be demonstrated in the mosquitoes in 
the most concentrated suspensions tested (1:50). However, by 14 days virus 
e i5 ctable a titre of 1,170, and at 25 days it had increased to 16,000. 
lame ZI summarizes this experiment. 
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Experiment 3 .— As in Experiment 2, mosquitoes of lot 3 were fed on a rhesus 
monkey on the 2nd day following its inoculation with source virus, and before 
the appearance of fever. In anticipation of a small quantity of virus in circula- 
tion, the series of dilutions tested was only carried to 1 : 10,000. This proved to 
be insufficient to reach the end-point of infectivity. Based on the average date 
of death of the mice following the injection of the several dilutions, it was es- 
timated that the titre of the serum was approximately 1,000,000. The mos- 
quitoes were titrated 6, 16, and 28 days after their infection. Starting with a titre 
of 500, the concentration of virus rose rapidly to 28,400 at 16 days, then fell to 
16,000 at 28 days. Table II summarizes the first three experiments. 

These first experiments demonstrated a relatively uniform titre of 
virus present in the mosquitoes following an incubation period of 3 to 
4 weeks, regardless of the amount of virus taken up at the time of 
feeding. It indicated that if we could infect mosquitoes on amounts of 
virus so regulated that the initial titres were less than 16,000, yet 
which were sufficient to infect all the mosquitoes, tests for multiplica- 
tion could be carried out. With this in mind the following experi- 
ments were completed. 


Experiment 4 . — Mosquitoes of lot 4 were fed on a rhesus monkey with a litre 
of circulating virus of 10,000. Within a few hours of feeding 30 of the mosquitoes 
were titrated as a basis for future comparison, and again at 4, 7, 14, 21, 28, 35 
42, and 56 days. The titre a few hours after feeding was 2,150, but in 4 days it 
had fallen below detection in 1 :50 dilution. At 7 days virus was again detectable 


and had regained its original titre at 2 weeks. Between 3 weeks and 8 weeks 
the titre fluctuated around 16,000, going as high as 21,500 and as low as 11,600. 
The average for this period was 17,230, a figure quite comparable to the results 


in the first three experiments. Table III gives the complete figures. 

Experiment 5.— Mosquitoes of lot 5 were fed on a rhesus monkey with a litre 
of circulating virus of 4,000. They were titrated several hours after feeding, and 
at 5 7, 14, 28, 59, and 70 days. The titre immediately after feeding was 1,600, 
and 'it 'fell by the 3rd day to undetectable amounts. On the 7th day enough 
virus was present in the 1 : 50 dilution to kill 1 of 6 mice injected. As this amount 
of virus is too small to determine mathematically we have estimated the titre 
as about 5. By 14 days the virus content had climbed to 3,500. In the 28 day 
titration the mice started to sicken more rapidly than in the preceding one, 
usually a sign that there is a greater quantity of virus in the inoculum, but as 
the final percentage of mice dying was only a little higher, the calculated litre 
was but 3,750. At 59 days, however, it had reached 16,000. About this lime, 
owing both to the age of the mosquitoes and to the increasing heat and dryness 
of the environment, the remaining insects began to die. At >0 days barely ^enough 
mosquitoes were alive to complete a final t.tration, and the litre had fallen to 
6,700. These results are summarized in Table III. 
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mermen! tf.-Mosquitoes of lot 6 were fed on a rhesus monkey with a t.tre 
of circulating virus of only 570. They were titrated several hours after feeding, 
and at 3, 7, 14, 42, and 56 days. The initial litre was 160. This ; dropped to . less 
than a detectable amount and remained so for at least 2 weeks, and it was thought 
that the mosquitoes had not become infected. _ Unfortunately the author had 
to be away for several weeks following this and it was not possible to titrate the 
mosquitoes until the 42nd day. At that time virus had reappeared with a title 


TABLE in 


Tikes of Asibi Yellow Fever Virus in Aides aegypii at Intervals Following Their 
Infection 


Time alter feeding 

Mosquito lots ..... 

(Titres of monkey serum st time of feeding) 

4 

( 10 , 000 ) 

5 

( 4 , 000 ) 

6 

( 570 ) 

cfayi 

0 

2,150 


160 

3 

— 


0" 

4 

0* 


— 

7 

i 70 

5±t ; 

0* 

14 

2,150 

3,500 | 

0* 

21 

20,150 

— 

— 

28 

12,750 

3,750 

— 

35 

11,600 

— 

— 

42 

21,500 

— 

9,000 

56 

20,150 

— 

1,100* 

59 

— 

16,000 

— 

70 

~ 

6,700§ 

— 


~ “ not tested. 

* No virus detectable in 1:50 dilution. 

t Titre too low to be determined accurately. See text, Experiment 5. 

X See text, Experiment 6. 

§ See text, Experiment 5. 

of 9,000. It would have been interesting to have determined when the virus 
first reached detectable quantities. 

Because of the very low titre of the mosquitoes immediately after feeding, they 
were tested for their capacity to transmit by bite at the time the 14 day titration 
was made. A normal monkey was introduced into the cage and was fed upon by 
more than 200 insects. This monkey did not develop symptoms, nor was it 
immunized, showing that the mosquitoes had failed to transmit at that time. 
Immediately before the final titration at 56 days, another monkey was introduced 
into the cage. This monkey had been used in a previous experiment but was 
t ought to be non-immune. Unfortunately it had become immunized, as was 
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proved by the demonstration of antibodies in the serum withdrawn just before 
the mosquitoes were fed on it. As a result, the titration of the engorged mos- 
quitoes was complicated by the addition of the recently ingested immune serum. 
Since in the serial dilutions of the mosquito emulsions the immune serum was also 
being diluted, the effect was not marked in the more concentrated suspension. 
The 1:5,000 dilution was not particularly affected, as by this time the immune 
serum was too dilute to have any action. This dilution, as a matter of fact, had 
almost the identical effect on the mice as the same dilution in the 42 day titration. 
But the virus in both the 1 :50 and 1 :500 dilutions was partially neutralized, and 
there were delayed deaths and survivors in the mice injected with them. This 
reduced the number of mice dying in the titration as a whole and markedly 
lowered the titre to 1,100. Even so, this is more than 6 times higher than the 
initial reading. See Table III for the summary. 

These experiments showed that, following an incubation period, 
titres of virus can be recovered from mosquitoes which are significantly 
greater than at any preceding time. This fulfills both Davis’ and 
Webster’s criterion of multiplication. However, in continuing this 
work we have found that the apparent uniformity in the response of 
the mosquitoes is subject to variation. In both previous series the 
final titre was constantly in the neighborhood of 16,000 to 20,000. 
Experiments conducted after an interval of approximately 6 months, 
in which Aedcs aegypli were used as controls for titrations on other 
native mosquitoes, showed that titres at least 10 times higher were to 
be observed. The following experiment may be taken as an example. 

Experiment 7 . — Two separate lots of Aides aegypli were fed at the same time 
on an Asibi-infected rhesus monkey at the height of infection. The scrum of this 
monkey, titrated immediately after the mosquitoes had engorged, killed all of 
the mice injected with the 1: 1,000,000 dilution. On the 3rd day 30 mosquitoes 
from each lot were titrated separately, yielding titres of 10,850 and 8,800. On 
the 14th day they were again separately titrated. At this time the quantity of 
virus in the mosquitoes was higher than was anticipated and a complete end- 
point was not reached. In lot 7, however, 1 of 6 mice injected with the 1 :50,000 
dilution survived and 2 of 6 injected with 1 :500,000, a total of 3 survivors in the 
titration. In lot 8, although no mice survived the 1 :50,000 dilution, 3 of 6 mice 
survived the 1:500,000, again a total of 3 survivors in the titration. On the 
16th dav 3 groups of 30 mosquitoes each from lot 8 were titrated separately. The 
results of two titrations were 146,000 and 160,000. The third was identical with 
the 14th day titration from the same lot, namely, 3 of 6 mice survived in tr.c 
1 :500,000 dilution. See Table IV. 

This experiment shows a satisfactory correlation between the com- 
parable titrations, but convincingly demonstrates a marked increase 
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in titre over the 16,000 level so constantly found previously. There 
are several ways to explain this phenomenon, but the one which 
appeared at the time to be the most likely was the effect of seasonal 
variations in temperature, rainfall, etc., on the capacity of the mos- 
quitoes to multiply the virus. The earlier experiments had been done 
during the rainy season and following period of cool weather, while 
the more recent experiments were done during the hot dry season. 
It seemed possible that with higher prevailing temperatures greater 
quantities of virus might be expected to develop in the mosquito. 

To test the effect of seasonal variations it was hoped that by waiting 
for weather conditions similar to those of the preceding year, we could 


TABLE IV 

Comparative Tilres of Yellow Fever Virus in Two Lois of Aides aegypti Fed at the 
Same Time on the Same Infected Monkey 


Time after feeding 

Lot 7 

Lot 8 

days 



3 

10,850 

8,800 

14 

500,000** 

500,000** 

16 


146.000 

160.000 

500,000** 


* See text, Experiment 7. 


demonstrate that the titres would again be lower. Unfortunately 
the current year has been much dryer, and the rains, which have come 
late, have been less concentrated, so that we have not been able to 
duplicate the conditions of the earlier experiments. However, a final 
test was performed at about the same time of year as the second series 
of experiments. 

Experiment 8 . — 400 mosquitoes of iot 9 were fed on an Asibi-infected rhesus 
monkey 65 hours after its inoculation and before the onset of fever. The titre 
of its serum at the time of the mosquito feeding was 57,000. 2 groups of 30 
mosquitoes each were separately titrated on the day of feeding, the 3rd day, 24th 
ay, and 38th day. The results of these titrations are summarized in Table V. 

Although it is obvious that the comparable titrations do not check 
as well as those of Experiment 7, they nevertheless repeat the observa- 
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tions of the earlier experiments, namely that titres of virus well in 
excess of the initial level can be recovered from Aides ccgypli infected 
with Asibi virus. This experiment fails to confirm the hypothesis of 
seasonal variation in the maximum virus contents of infected mos- 
quitoes. However, in view of the fact that the seasons themselves 
have not been the same, this failure is not necessarily significant. It 
is quite possible that the low titres shown in the early experiments 
are the exceptions due to an unusually wet and cool season. 


TABLE V 

Titres of Yellow Fever Virus in Aides aegypli at Intervals Following Their Infection 



Lot? 

Time after feeding 



Titres obtained with 2 lots of 30 
mosquitoes each 

Average titre 

days 



0 

22,000 

146,500 

84,250 

3 

900 

360 

630 

10 

16,000 

3,500 

9,750 

24 

24,800 

24,800 

24,800 

38 

1,275,000 

160,000 

717,500 


DISCUSSION 

The experiments presented demonstrate that more virus can be 
recovered from Acdcs aegypli following an incubation period than 
imm ediately after feeding. These experiments also shon that wit nn 
limits this method of studying the fate of virus in mosquitoes is prac- 
tical, but is subject to variations of unexplained origin. esc 
variations may be the results of technical limitation, or ma> re ec 
factors of which we have little knowledge. It is belie 1 , ed t u.t 
change from the constant level of about 16,000 in the first two 
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of experiments to the higher level in the last two is not due to chance 
or a change in technique but is an experimental fact. It is known by 
those who work with yellow fever virus that there are at times fluctua- 
tions in virulence of both the Asibi virus and other strains. Whether 
this is due to changes in the virus itself or merely reflects an altered 
physiological response on the part of the test animal is not known. 
It is possible that our higher titres in the last two experiments were 
due not to a change in environment as previously suggested but to 
just such a fluctuation in the virulence of the virus, or in the suscep- 
tibility of the mice used in the titrations. The fact that the last exper- 
iment shows discrepancies between the results of parallel titrations, 
particularly the first and last, probably reflects the errors of this 
method. Any single result is therefore subject to discount. When, 
however, as is shown here, series after series of titrations point in the 
same direction, we feel that we can ignore the error introduced by 
individual readings. 

CONCLUSIONS 

Aeics aegypti have been shown to be capable of multiplying the 
Asibi strain of yellow fever virus in their bodies. Following the in- 
gestion of infected blood, the content of virus falls for several days, 
reaching a minimum during the 1st week. It then increases rapidly 
until quantities of virus greater than those previously encountered 
can be demonstrated. The actual final amount of virus demonstrable, 
however, is subject to variations of which we know little. 

We are grateful to Dr. P. C. A. Antunes for supplying us with the 
mosquitoes used in the studies here reported and for the maintenance 
of the infected insects. 
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DOES LIVER SUPPLY FACTORS IN ADDITION TO IRON 
AND COPPER FOR HEMOGLOBIN REGENERATION 
IN NUTRITIONAL ANEMIA?* 

Bv E. B. HART, C. A, ELVEHJEJf, AND G. 0. KOHLER 
(From the Department 0} Agricultural Chemistry, University of Wisconsin, 
Madison) 


(Received for publication, April 29, 1937) 


According to our present knowledge, the nutrients needed for maxi- 
mum hemoglobin regeneration in uncomplicated secondary anemia 
arc iron, copper, and amino acids for the construction of the protein 
part of the hemoglobin molecule. Since very rapid hemoglobin 
regeneration has been obtained in both rats and children on diets of 
whole milk plus iron and copper, we may conclude that milk is low 
only in these two elements as far as hemoglobin formation is concerned, 
and that the proteins in milk supply the amino acids essential for the 
production of the hemoglobin molecule. We should mention that 
milk may be low in manganese and an unknown organic factor, both 
of which are necessary for normal growth, but independent of hemo- 
globin formation. 

In spite of these facts and probably because liver is such a valuable 
material for the treatment of pernicious anemia, great emphasis has 
been placed on the use of liver and liver products in secondary anemia. 
Minot and Castle (1) pointed out in 1931 that whole liver was not 
highly active in various types of human secondary anemia. Elvehjem 
(2), 1932, suggested that the limitations of liver in treatment of 
secondary anemia were probably due to the relatively low level of 
available iron supplied by most samples of liver. 

However, Whipple, Robscheit-Robbins, and Walden (3) have de- 
scribed a secondary anemia fraction for liver which is active in hemo- 
gobin regeneration in dogs suffering from hemorrhagic anemia. 

turgis and Farrar (4), using the technique described by Whipple and 


* Published with the 
Experiment Station. 


permission of the Director of the Wisconsin Agricultural 
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associates, found that liver promoted a definitely greater regeneration 
of hemoglobin than did the addition of an amount of inorganic iron 
equivalent to that contained in the added liver. They also showed 
that the response was no greater with iron plus casein than with iron 
alone which eliminates the possible protein effect of the liver. In spite 
of these facts high levels of inorganic iron have proved very effective 
in the treatment of a variety of hypochromic anemias. There is still 
some question about the reason for the need of such large amounts. 
Brock and Hunter (5) have shown that large doses are not needed 
for assimilation, and that when large amounts are fed the percentage 
utilization is very low. It is probable that the high intake of iron 
salts supplies added amounts of copper as a contamination, but this 
has not been demonstrated beyond question. Similarly in the experi- 
ments involving hemorrhagic anemia in dogs, no definite comparison 
has been made between the results obtained when whole liver is fed 
and both iron and copper are fed in amounts equivalent to that found 
in the liver. Whipple’s diet contains some copper but according to 
the figures of Sturgis and Farrar the copper intake on the basal ration 
alone is quite low. The intake varies from 0.06 to 0.07 mg. per kilo 
of body weight per day. The requirement for a rat is at least 0.2 mg. 
per kilo. When liver was fed the intake of copper was raised to about 
0.5 mg., which would be very close to the optimum intake. This 
may explain why Sturgis and Farrar obtained the increased hemo- 
globin regeneration with liver as contrasted with iron alone in hemor- 
rhagic anemia. 

We must also recognize that by bleeding many blood constituents 
are removed, the regeneration of which may require factors other than 
those needed for hemoglobin production. 

In this paper we wish to emphasize that liver contains no factors in 
addition to iron and copper which can function as a supplement to 
milk for hemoglobin regeneration in rats. 

EXPE RIMENTA L 

The usual technique was used for the production of the anemia, for 
feeding the animals, and for making the blood tests. The anemia was 
produced by restricting the young rats kept on galvanized wire screens 
to cow’s milk. The records in most cases are the average of a number 
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and 0.01 mg. and 0.3 mg. and 0.3 mg. 

Cu as CuSOij Fe as liver Fe as FeCl 3 

CnART 1. Curves showing the hemoglobin response in anemic rats on a milk 
diet when given liver in addition to iron, copper, and manganese, when given 
liver as a source oE copper, and when given liver as a source of iron. 

supply of copper, and for rats receiving liver as a supply of iron. In 
all cases the liver was obtained directly from the packing plant and 
dried at 65°C. Both beef and hog liver have been used. Curve 1 
shows the typical response of rats receiving 0.5 mg. Fe, 0.05 mg. Cu, 
and 0.05 mg. Mn daily in addition to whole milk. Hundreds of 
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curves of this type have been obtained during the past 7 years. Curve 
2 illustrates the average response of ten animals which received the 
same mineral supplement plus 0.5 gm. dry beef liver per day. The 
results are identical. Thus the liver produced no change in the 
course of regeneration. The remaining curves show that liver can 
serve as a source of both iron and copper when the intake of these 
elements from the basal diet is limited. Curves 3 and 4 are taken 
from a recent paper by Schultze, Elvehjem, and Hart (6). The rats 
in both groups received 0.5 mg. Fe daily. Curve 3 shows the response 
in the rats receiving 0.01 mg. Cu in the form of hog liver and Curve 4 
shows the response in those receiving 0.01 mg. as CuSO<. The results 
are very similar and show that when copper is the limiting factor the 
effectiveness of liver is directly proportional to its copper content. 
The response in either case is not optimum because of the low level of 
copper used. Curves 5 and 6 show similar results in the case of iron. 
These rats received 0.05 mg. Cu per day. Curve 5 illustrates the 
response obtained in rats receiving 0.3 mg. total iron from beef liver 
(1.15 gm. dry basis) and curve 6 the response when 0.3 mg. of FcCh 
was fed daily. Again the response is very similar although the regen- 
eration in the rats receiving the liver was somewhat retarded the first 
2 weeks. This can be accounted for by the fact that not all the iron 
in liver is available to the rat. This sample of liver contained 70 per 
cent of the total iron in available form. When iron is the limiting 
factor in the basal ration, the value of liver depends upon its available 
iron content. 

A very large number of results of this type could be presented. 
They all show that the value of liver in the treatment of nutritional 
anemia depends directly upon the amount of available iron and copper 
which the liver can supply. Very recently several products have been 
placed on the market in which iron or iron and copper preparations 
have been combined with whole liver, liver extract, or other liver 
preparations. Liver extract is, of course, very low in iron but does 
contain some copper. In fact liver extract was one of the products 
used in the early experiments which demonstrated the essential nature 
of copper. In order to determine if these combinations have any 
virtue in simple hemoglobin regeneration beyond their copper and 
iron content, several preparations were purchased on the market, 
analyzed for iron and copper, and fed to rats at levels sufficient to 
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supply 0.5 mg. Fe daily. Typical results for four of these prepara- 
tions are given in Chart 2. Results for control rats receiving 0.5 mg. 
Fe and 0.05 mg. Cu daily are included for comparison. Preparations 
A and C gave responses very similar to the controls. In both cases 
the daily dose necessary to supply 0.5 mg. Fe contained about 0.02 
mg. Cu, a level which is sufficient to give good regeneration. Sample 
B gave a fairly good response and supplied 0.008 mg. copper daily, 
which is below the needed amount. The response with sample D was 


Gm.Hb 

14i 


Tlilk plus 
0.5 mg. re and 


0.05 mg. Cu. 



Sample C 



Sample A 



Sample D 



Sample 35 



Sample D 
plus Cu 


Chart 2. Hemoglobin response in anemic rats on milk diet supplemented with 
various commercial liver preparations when fed at levels which supplied 0.5 mg. 
Fe daily. 


practically negative due to the low copper intake of 0.0005 mg. daily. 
Further evidence that this is a true copper deficiency is shown in the 
next curve, where 0.05 mg. copper is added after 2 weeks on the 
preparation alone. An immediate response resulted when the copper 
was added. Here again the potency of these products for the cure 
oi nutritional anemia in rats is directly related to the iron and copper 
content and the ratio of one element to the other. The presence of 
t ie added liver products adds nothing to their value for this particular 
purpose. 
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These facts do not detract from the nutritional value of liver extract, 
for there is ample evidence in the literature that this product is a 
most excellent source of most of the factors in the B complex, but they 
do emphasize the importance of recognizing the value and limitations 
of each ingredient in such mixtures. In the case of anemia due to a 
simple deficiency of iron and copper, which is the case in many chil- 
dren, small doses of iron and copper work very efficiently with no 
other additions. When milk constitutes a large part of the diet it 
supplies ample amounts of the other nutrients needed for hemoglobin 
formation. In more complicated deficiencies the anemia should be 
separated from the other disturbances. If the additional disturbances 
are due to a lack of certain of the B vitamins, the pernicious anemia 
factor, or protein, liver extract may be used very efficiently. Each 
material should stand on its own merits and be used only when there 
is a need of the nutrients which it supplies. False association or the 
so called shotgun therapy should be discouraged. 


SUMMARY 


1. Our data indicate that the effectiveness of whole liver in the 
treatment of nutritional anemia in rats induced by a milk diet is 
directly proportional to its available iron and copper content. The 
other constituents in liver are not needed for maximum hemoglobin 
regeneration on a diet of milk, iron, copper, and manganese. 

2. Commercial preparations of liver products with iron or iron and 
copper vary greatly in their hemoglobin-regenerating efficiency in rats 
with nutritional anemia. The variation is correlated directly with the 
iron and copper content of the preparation. When the copper-iron 
ratio was too wide hemoglobin regeneration was checked, although the 
iron supply was sufficient for optimum regeneration. 
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Ferrets or mice recovered from infection with the virus of human 
or srvine influenza are usually immune to infection with - the other 
virus (1-3). In these two animals a complete and frequently fatal 
disease is produced by cither type of influenza virus alone, and there 
is no evidence that concomitant infection with Hemophilus influenzae 
sttis or any other bacterium modifies its course in any constant manner 
(1, 3-6). Swine, on the other hand, infected with either swine or 
human influenza virus alone develop but a mild, transient, indefinite 
illness (filtrate disease) and come down with influenza only when the 
bacterium, H. influenzae suis (7), has accompanied the virus (8-10). 
It seemed possible that the cross-immunological relationship between 
swine and human influenza virus found in the simple virus infections 
oi ferrets and mice might not follow in the complex virus-bacterium 
infections necessary to induce influenza in swine. The present paper 
reports experiments dealing with the cross-immunization of swine by 
means of initial infections with either swine or human influenza virus 
alone or in mixture with the bacterium, H. influenzae suis. 

EXPERIMENTAL 
Infectious Materials Used 

Francis’ P.R. 8 strain (5) human influenza virus and strain 15 0owa, 1930) 
swine influenza virus were employed in all experiments. Culture 18 (11) E. influ- 
enzae suis was used to complete the etiological complex with either strain of 
virus in most cases, although in a few instances this was pooled with cultures 23 
and ^24, more recently isolated from field cases of swine influenza. 

. Yj™? 1 eit ? lei ' human or the porcine type, was in all experiments prepared 
in physiological saline as a 10 per cent suspension of lung from swine infected with 
virus alone. The swine strain had originally been freed of H. influenzae suis by 
151 



152 


SWINE AND HUMAN INFLUENZA VIRUSES IN SWINE 


Berkefeld filtration or by serial passage through ferrets or mice. Swine whose 
infections were to be with virus alone were given from 6 to 10 cc. of the super- 
natant fluid from sedimented but uncentrifuged suspensions intranasally. Swine 
whose infections were to be with a mixture of virus and bacterium received, in 
addition to virus, 0.5 to 1 cc. of a 24 hour horse blood culture 1 of H . influenzae suis. 
The culture was mixed with the virus suspension just prior to its administration 
intranasally. Variations in the dosage of either virus or bacterium, within the 
limits used in the present experiments, had no influence on the results obtained. 

Immunity to Swine Influenza Induced by Injection with Human 
Influenza Virus Alone or in Mixture until Hemophilus 
influenzae suis 

Eight swine were inoculated intranasally with a mixture of human influenza 
virus and H. influenzae suis. As noted in Table I, 6 of these animals developed 
an illness that was clinically characteristic of a mild swine influenza. The 
remaining 2 came down with an illness which clinically resembled that produced 
in swine by infection with virus alone, and it is believed that in these II. influ- 
enzae suis failed to become established with the virus in the respiratory tract. 
The occasional failure of this bacterium to establish itself with human influenza 
virus in the swine respiratory tract is well known from earlier work (10). 

Nine swine inoculated intranasally with human influenza virus alone developed 
the mild, indefinite, filtrate disease. 2 other swine receiving human influenza 
virus alone intranasally twice at 20 day intervals exhibited symptoms of filtrate 
disease following the first inoculation only. 

When the swine had completely recovered from their human influenza infec- 
tions they were tested for immunity to swine influenza by inoculating them 
intranasally, together with control swine, with a mixture of swine influenza vims 
and H. influenzae suis. The results of these tests for immunity are outlined 
in Table I. 

As show'll in the table, 6 of the 8 swine whose initial infection had 
been with a mixture of human influenza virus and H. influenzae suis 
proved immune to swine influenza. Of the remaining animals, swine 
1820 developed a transient fever but did not appear ill, while the other 
one, swine 1823, whose initial infection had clinically resembled 
filtrate disease, was febrile and depressed and exhibited a scattered 
lobular pneumonia when autopsied on the 3rd day. Swine influenza 
virus was demonstrated, by mouse inoculation, in the lung of this 
animal although its presence could not be demonstrated in the turb:- 

1 0 3 to 1 cc. of sterile defibrinated horse blood added to a plain agar slant. 

In this medium 27. influenzae suis grows largely in the blood at the base of t..c 
slant with only scant colony formation on the agar surface. 
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nates. B. influenzae suis could not be cultivated from cither the lung 
or terminal bronchi. 

Four of the 6 swine that had appeared clinically immune to swine 
influenza were killed and autopsied on the 3rd or 4th day after inocula- 
tion. No lesions of swine influenza were seen in their respiratory 
tracts. Their lungs appeared normal aside from scant, old, puckering 
scars in the anterior lobes, evidently residual for their initial human 
influenza infection. Virus could not be demonstrated by mouse 
inoculation in the lungs of any of the animals nor in the turbinates of 2 
tested. Neither could B. influenzae suis be cultivated from their 
lungs or terminal bronchi. Autopsy thus confirmed the clinical evi- 
dence that these 4 swine had been immune to swine influenza. The 
remaining 3 of the 8 swine initially infected with human influenza 
virus and B. influenzae suis were kept under observation in order later 
to obtain serum for neutralizing antibody studies. 

The results obtained in the swine whose initial infections had been 
with human influenza virus alone differed from those just described. 
Only 1 animal, swine 1780, proved completely immune to swine in- 
fluenza. The remaining 8 developed disease varying clinically from 
that seen in normal swine infected with swine influenza to that in 
which the salient features were merely a transient depression with or 
without fever. 6 of these animals were killed and autopsied on the 
3rd or 4th day. One, swine 1729, showed no influenzal pneumonia; 
1, swine 1747, showed only a pleuritis; while, in the remaining 4, 
pneumonias of from 1 to 3 lobes were encountered. These pneumo- 
nias were qualitatively like those seen in the control animals but w'ere 
in most cases less extensive. However, although swine influenza 
vims was regularly detectable by mouse inoculation in the turbinates 
and lungs of the control swine, it was either not demonstrated or pres- 
ent only in low concentrations in the turbinates and lungs of the human 
virus-immune animals. B. influenzae suis could be cultivated from 
the lungs of 4 of the 6 swine autopsied and from the terminal bronchi 
of all. Its presence in this group of animals was in striking contrast 
to its uniform absence in the lungs and terminal bronchi of the swine 
whose initial infection had been with a mixture of human virus and 
B. influenzae suis. 

. The 2 swine that had been inoculated intranasally twice at 20 day 
intervals with human influenza virus alone were found clinically 
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immune to swine influenza when later tested. They,' together with 3 
swine receiving a single injection of human influenza virus prior to 
testing for immunity to swine influenza, were kept under observation 
in order subsequently to obtain serum for neutralizing antibody 
studies. 

It would appear from these experiments that, while initial infection 
wnth a mixture of human influenza virus and H. influenzae suis usually 
immunizes swine to swine influenza, initial infection with the human 
virus alone usually fails to do so, although it does appreciably alter 
their susceptibility. That the cross-immunity to swine influenza 
conferred by a primary infection with the human agent is not asso- 
ciated with demonstrable virus-neutralizing antibodies for the swine 
virus is indicated by the fact that the sera of all 19 swine studied, 
obtained just prior to the inoculation test for immunity to swine 
influenza, failed to neutralize the swine agent. All, however, neu- 
tralized the human virus completely. 

Technique of the Neutralization Tests . — The neutralization tests recorded 
throughout this paper were conducted in the usual way in mice (12), employing 
the supernatant of a 2 per cent suspension of infected mouse lung as virus and 
mixing this in equal parts with the undiluted sera to be tested. Either 3 or 4 
mice, while under ether narcosis, were inoculated in each test by dipping their 
noses in the virus-serum mixture contained in a slightly tilted Petri dish. Sur- 
viving mice were killed on the 7th day and their lungs, together with those of 
mice dying earlier, were examined for the presence of influenza lesions. Alice 
which survived 7 days and whose lungs showed no influenzal pneumonia at 
autopsy were considered to have received a completely neutralizing serum, mice 
which survived 7 days but whose lungs showed influenzal lesions at autopsy were 
considered to have received a partially neutralizing serum, while mice which died 
of an influenzal pneumonia during the period of observation were considered to 
have received a non-neutralizing serum. The swine and human viruses employed 
in the neutralization tests were of such virulence as to kill all control mice within 
7 days. 

Immunity to Human Influenza Infection- Induced by Infection with 
Swine Influenza or Swine Influenza Virus Alone 

Six swine inoculated intranasally with a mixture of swine influenza virus and 
H. influenzae suis developed swine Influenza. 8 swine inoculated intranasally 

-• i n order to simplify terminology, "human influenza infection" is used to indi- 
cate an infection with a mixture of human influenza virus and 11. influenza* suit. 
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with swine influenza vims alone came down with filtrate disease. Following 
complete recovery all 14 animats were tested for immunity to human influenza 
infection by inoculating them intranasally, together with control swine, with 
a mixture of human influenza virus and H. influenzae suis. The results of these 
tests for immunity are given in Table II. 

As shown in the table, all 6 of the swine initially infected with swine 
influenza proved clinically immune to human influenza infection. 2 of 
these animals were killed and autopsied on the 4th day after inocula- 
tion. No lesions of human influenza infection were seen in their respir- 
atory tracts and their lungs appeared normal aside from old healing 
lesions in the anterior lobes, residual from the initial swine influenza 
infections. Virus could not be demonstrated by mouse inoculation 
in the lungs or turbinates and H . influenzae suis could not be culti- 
vated from either the lungs or terminal bronchi. Clinical evidence of 
immunity was thus confirmed by postmortem findings. The remain- 
ing 4 swine in the group were saved for later neutralizing antibody 
studies. 

Of the 8 swine initially infected with swine influenza virus alone, 6 
proved clinically immune to later human influenza infection. The 
remaining 2 became ill, but in neither of these were the postmortem 
findings characteristic of a human influenza infection. One animal 
(swine 1778) showed no recent respiratory tract lesions at all, merely 
an old, unresolved, scattered, lobular pneumonia probably persisting 
since the initial swine virus infection. The other animal (swine 1673) 
had a bilateral fibrinous pleuritis and pericarditis and from the exudate 
H. influenzae suis and a streptococcus were cultivated. 2 of the 
clinically immune animals killed and autopsied 4 days after inoculation 
showed no lesions of human influenza infection. In the anterior lobes 
of the lungs of both animals were scant contracted old scars evidently 
the result of healing swine influenza virus lesions. Virus could not be 
demonstrated by mouse inoculation in the turbinates or lungs of any 
of the 4 swine autopsied. The remaining 4 swine in the group, all 
clinically immune to human influenza infection, were kept under 
observation for later neutralizing antibody studies. 

It is apparent from these experiments that initial infection with 

oth the agents responsible for swine influenza or the swine influenza 
virus alone usually immunizes swine to human influenza infection, and 
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TABLE III 


Influence of Initial Virus Infection upon Subsequent Antibody Response to the 
Viruses of Human and Swine Influenza 


I I Serum tested for capacity to neutraliie 


Swine influenza virus 


Human influenza virus 


Serum drawn Extent of pulmonary lesions Extent of pulmonary lesions 

in mouse No. in mouse No. 

1 | 2 | 3 | 4 ~ 1 | 2 | 3 | < 

(a) Initial infection. Human influenza virus: Rcinoculated with swine influenza virus 

intranasally 

1819 Normal _ 4+ * 4+ 4+ 4+ 4+ 4+ 4+ 4+ 

12 days after initial infection 4+ 4+ 4+ 3+ 0 0 0 

12 days after reinoculation 0 0 0 0 0 

1820 Normal 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 

12 days after initial infection 4+ 4+ 4+ 3+ 0 0 

12 days after reinoculation 2 + 1 + 1 + 0 0 0 

1821 Normal . <+ 4+ 4+ 4+ 4+ 4+ 4+ 

12 days after initial infection 4+ 4+ ^+4+0 +0 ^ 

12 days after rcinoculation 0 0 0 0 

7 .T , 4+ 4+ 4+ 4+ 4+ 4+ 4+ 44- 

164o Normal ... . , . . .. 0 0 0 

19 days after initial infection 44- 4+ 4+ Q 0 0 

11 days after reinoculation 0 u u 

. 4+ 4+ 4+ 4+ 4+ 4+ 4+ 44- 

1657 Normal . . , . , 4 . o 0 0 0 

31 days after initial infection 4+ + Q + 0 0 0 0 

11 days after reinoculation u 

, 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4 + 

1659 Normal 44 - 4 J- 4 + 4+ 0 0 0 0 

31 days after initial infection + ' 0 o 0 0 0 

11 days after reinoculation u 

, 4 + 4 + 4 + 4+ 4+ 4+ 4+ J4- 

1750 Normal 11 14 . 4+ 4+ 0 0 0 u 

12 days after initial infection ‘ Q oO 0 0 0 

11 days after reinoculation 

4 + 44- 44- 44- 44- 44- 44- 44- 

1780 Normal . , x 44 . 44 - 44- 0 14- 0 " 

12 days after initial infection «J_ 4 . 1 . 44 - 0 0 0 0 

11 days after r einoculation 4 ■ ‘ 7 — 7 ^ 

pneumonia. 



RICHARD E. SHOPE 


161 


. TABEE ill— Concluded 


— 



Serum tested for capacity to neutralise 



Swine influenza vims 

Human Influenza virus 

Swine 

No. 1 

| Senna d/iwn 

Extent of pulmonary lesions 
In mouse No. 

Extent of pulmonary lesions 
in mouse No. 



• 1 * 1 * 1 * 

1 1 1 1 3 1 4 


( t, ) Initial infection. Swine influenza virus: Reinoculated with human influenza virus 
intranasally _____ 


1678 

Normal (not obtained) 

22 days after initial infection 

0 

0 

0 

0 

44- 

44- 

4+ 

44- 


12 days after rcinoculation 

0 

0 

0 • 

0 

0 

0 

0 

0 

1683 

Normal 

4+ 

4+ 

4+ 


44- 

44- 

44- 

44- 


13 days after initial infection 

0 

0 

0 

0 

44- 

44- 

34- 

3+ 


12 days after reinoculation 

0 

0 

0 

0 

44- 

34- 


24- 

1787 

Normal 

4+ 

4+ 

4+ 

4+ 

44- 

44- 

44- 

44- 


13 days after initial infection 

0 

0 

0 

0 

44- 

44- 

44- 

24- 


12 days after reinoculation 

0 

0 

0 

0 

24- 

24- 

24- 

24- 

1801 

Normal (not obtained) 

16 days after initial infection 

0 

0 

0 

0 

44- 

44- 

44- 

44- 


12 days after reinoculation 

0 

0 

0 

0 

44- 

44- 

44- 

44- 

1665 

Normal 

4+ 

4+ 

4+ 

4+ 

44- 

44- 

44- 

44- 


14 days after initial infection 

0 

0 

0 


44- 

44- 

44- 

44- 


12 days after reinoculation 

0 

0 

I 0 

0 

14- 

14- 

14- 

14- 

1668 

Normal 

4+ 

4+ 

4+ 

4+ 

44- 

44- 

44- 

44- 


14 days after initial infection 

0 

0 

0 


44- 

44- 

44- 

34- 


12 days after reinoculation 

0 

0 

0 

0 

44- 

34- 

34- 

24- 

1744 

Normal 

4+ 

4+ 

4+ 

44 

• 44- 

44- 

44- 

44- 


12 days after initial infection 

0 

0 

0 

0 

34- 

24- 

24- 

14- 


11 days after reinoculation 

0 

0 

0 

0 

34- 

24- 

24- 

24- 

1775 

i Normal 

4+ 

4+ 

4+ 

44 

- 44- 

44- 

44- 

44- 


12 days after initial infection 

0 

0 

0 

0 

44- 

44- 

44- 

34- 



11 days after reinoculation 

0 

0 

0 

1 

44- 

44- 

44- 

34- 


tli a t the virus alone is little if any less effective in achieving immunity 
than is a mixture of virus and R. influenzae suis. The cross-immunity 
to human influenza infection conferred by the porcine agent is not 
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usually associated with demonstrable virus-neutralizing antibodies 
for the human virus. Of the 14 swine studied, the serum of only 1 
(swine 1744), obtained just prior to the test for immunity to human 
influenza infection, exerted any neutralizing effect on the human virus. 
The remaining 13 sera, although neutralizing swine virus completely, 
were devoid of neutralizing activity for the human agent. 

Influence of Initial Virus Infection upon Subsequent Antibody Response 
to the Viruses of Human and Swine Influenza 

In order to determine whether swine would develop neutralizing 
antibodies for either swine or human influenza virus, when inoculated 
intranasally with these agents following recovery from an initial 
infection in which the heterologous virus had been employed, the 
following experiments were carried out. 

Eight swine recovered from infection with either human influenza virus alone 
or a mixture of human influenza virus and H. influenzae suis were rcinoculatcd 
intranasally with a mixture of swine influenza virus and II. influenzae suis. Some 
proved clinically immune and others not, as recorded in Table I. 11 or 12 days 
after reinoculation they were bled and the serum then obtained, together with 
that secured before and following recovery from their initial infection, was tested 
for the presence of neutralizing antibodies for the swine and human viruses by 
the usual technique (12). 

Eight further swine recovered from infection with swine influenza or swine 
influenza virus alone were reinoculated intranasally with a mixture of human 
influenza virus and II. influenzae suis. All proved clinically immune, as recorded 
in Table II. Like those in the preceding group, they were bled 11 or 12 days 
after reinoculation and the serum obtained, together with that drawn before 
and following recovery from their initial infection, was tested for neutralizing 
antibodies against both viruses. The results of the tests of these 2 groups of 
swine sera are outlined in Table III. Since the development of neutralizing 
antibodies for either swine or human influenza virus was independent of whether 
or not H. influenzae suis had accompanied the virus in the infection, no dis- 
tinction is made in the table between the animals initially infected with virus 
alone and those infected with a mixture of varus and bacterium. 

As shown in the table, it was found that the sera of all 8 swine, 
obtained following recover}' from an initial infection with human 
influenza virus, neutralized the human but not the swine agent. 
Reinoculation of these animals intranasally with swine influenza virus 
resulted in the appearance, in sera obtained 11 or 12 days later, oi 
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antibodies neutralizing the swine virus completely in 6 of the 8 cases. 
In the serum o£ 1 animal (swine 1820) a weaker titer of swine virus 
antibody appeared, while in the serum of the remaining animal 
(swine 1780) no swine virus-neutralizing antibodies were demon- 
strated. Antibodies developed independently of whether or not the 
animals exhibited recognizable clinical manifestations of infection 
following reinoculation with swine influenza. 

The results obtained in studies with sera of swine initially infected 
with swine influenza virus and reinoculated intranasally with the 
human agent were quite different from those just described. Only 1 
(swine 1678) of the 8 swine developed antibodies which completely 
neutralized the human virus. 2 others (swine 1667 and 1787) devel- 
oped antibodies which neutralized partially under the conditions of the 
test. The sera of the remaining 5 swine failed to show a significant 
increase in neutralizing antibodies for the human virus. Swine 1744, 
whose serum drawn before reinoculation with the human virus par- 
tially neutralized, still only partially neutralized afterwards. 

It seems clear from the experiments just described that the swine 
and human influenza viruses influence the subsequent immunological 
reactivity of swine in differing fashions. To summarize, swine re- 
covered from infection with swine influenza virus are not only immune 
to the human influenza virus but usually fail to develop specific virus- 
neutralizing antibodies for it following intranasal inoculation. Swine 
recovered from initial infection with human influenza virus, on the 
other hand, may or may not prove immune to swine influenza, but 
whether or not immune, usually elaborate swine influenza virus- 
neutralizing antibodies. 

The Antibody Response of Swine Influenza-Convalescent Swine to 
Human Influenza Virus Administered Intramuscularly 
There were two obvious possible explanations for the general failure 
of swine influenza-recovered swine to develop neutralizing antibodies 
for the human influenza virus following intranasal inoculation. First, 
the immunity conferred by a previous infection with the swine virus 
might be of such a nature as to render the respiratory tract mucosa 
actually impermeable to the human virus. If this were the case and 
uman virus were completely prevented from invading susceptible 
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cells, one should not expect an antibody response. Second, previous 
infection with swine virus might, in some manner, have interfered 
with or exhausted the mechanism responsible for the elaboration of 
neutralizing antibodies for the closely related human virus. In this 


TABLE IV 


Antibody Response of Swine I njlucnza-Conr descent Swine to Human Injiucnza 
Virus Administered Intramuscularly 


Swine 

No. 


Serum drawn 


Serum tested for capacity to neutral ire 


Swine influenza virus 


Extent of pulmonary lesions 
in mouse No. 


Human influenza virus 


Extent of pulmonary lesions 
in mouse No. 


Initial infection. Swine influenza virus: Reinoculated with human influenza virus 

intramuscularly 


1893 


1894 


1895 


1897 


Normal 

13 days after initial infection 
11 days after reinoculation 

Normal 

13 days after initial infection 

11 days after reinoculation 

Normal 

13 days after initial infection 

12 days after reinoculation 

Normal 

13 days after initial infection 
12 days after reinoculation 


4+' 

0 

0 

4+ 

0 

0 

4+ 

0 

0 

4+ 

0 

0 


4+ 

0 

0 

4+ 

0 

0 

4+ 

0 

0 

4+ 

0 

0 


4+ 

0 

0 

4+ 

0 

0 

4+ 

0 

0 

4+ 

0 

0 


4+ 

1 + 

1 + 

4+ 

4+ 

0 

4+ 

4+ 

0 

4+ 

4+ 

1 + 


4+ 

2 + 

0 

4+ 

4+ 

0 

4+ 

4+ 

0 

4+ 
4+ 
1 + 


3+ 
1 + 
1 + 

4+ 

4+ 

0 

4+ 

4+ 

0 

4+ 

4+ 

0 



latai pncumuaia. . , 

. , virus did penetrate the respirator> tract 

event, even though . u eliciting a specific antibody response, 

mucosa, it would be mcap ducted in an attempt to determine 

The following experiments were 

the applicability of the second hypothes 


RICHARD E. SHORE 


16 S 


Five swine were infected in the usual way with swine influenza. After re- 
covery they were reinoculated with human influenza virus, but, instead of admin- 
istering the virus intranasaliy as in the experiments outlined in Table HI, it was 
given intramuscularly. The animals exhibited no evidence of illness and after 
a period of observation of 11 or 12 days were bled. Scrum obtained at this time, 
together with that secured before and after the swine influenza infections, was 
tested for the presence of neutralizing antibodies for the swine and human influ- 
enza viruses. The results of these neutralization experiments are given in 
Table IV. 

As shown in Table IV, 3 of the S swine influenza-immune swine, 
inoculated intramuscularly with human influenza virus, developed 
antibodies which completely neutralized the human virus; 1 animal, 
swine 1897, developed antibodies which neutralized partially; while 
the 5th animal, swine 1893, neutralized the human virus partially both 
before and after its intramuscular injection. 

These experiments indicate that the usual failure of intranasaliy 
administered human influenza virus to elicit specific neutralizing anti- 
bodies in swine influenza-recovered swine is not due to interference 
with or exhaustion of the mechanism responsible for antibody 
elaboration. 

DISCUSSION 

It has been found that swine recovered from infection with swine 
influenza or swine influenza virus alone are usually immune to infec- 
tion with a mixture of human influenza virus and H. influenzae suis, 
and that they rather promptly render human virus, administered 
intranasaliy, non-demonstrable. This cross-immunity is not asso- 
ciated with the presence of demonstrable neutralizing antibodies for 
the human virus in the sera of the immune animals. Furthermore, 
antibodies for the human virus usually fail to develop even after 
reinoculation intranasaliy with that agent. Swine immune to human 
influenza infection, by virtue of a previous attack of swine influenza, 
thus behave towards the human virus much like naturally refractory 
animals in that they are resistant to infection without possessing 
virus-neutralizing antibodies, they do not permit the establishment 
in the respiratory tract of virus given intranasaliy, and they usually 
lad to develop virus-neutralizing antibodies following intranasal 
inoculation. 

Antibodies against human influenza virus do appear, however, in 
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the sera of swine influenza-immune swine to which the human virus is 
given intramuscularly. This indicates that their failure to appear 
sftcr intranasal inoculation is not due to interference, by previous 
swine virus infection, with the mechanism responsible for antibody 
elaboration. Rather it suggests that the failure may have resulted 
from inability of the virus to penetrate the respirator}* tract mucosa 
deeply enough to produce an antibody response. It seems likely that, 
in swine, the cross-immunity to human influenza virus established by 
previous infection with swine influenza virus is the result of an acquired 
barrier to the entrance of human virus into the respiratory tract 
mucosa. 

The cross-immunity conferred against swine influenza by the human 
influenza virus differs from that in the reverse direction just discussed, 
and here the association of H. influenzae suis in the initial infection is 
important. Swine recovered from infection with a mixture of human 
influenza virus and II. influenzae suis are usually immune to swine 
influenza, while those whose initial infections have been with the 
human virus alone are usually still susceptible to swine influenza, 
although they develop milder attacks than the control animals. Fur- 
thermore, while the pneumonias exhibited by these non-immunc 
swine at autopsy are qualitatively similar to those seen in swine 
influenza in fully susceptible animals, swine influenza vims is either 
not demonstrable or is present only in low* concentration in the turbi- 
nates and lungs. This finding is in striking contrast to the uniformity 
with which virus is demonstrable in the lungs and turbinates of the 
control swine. 

Antibodies capable of neutralizing swine influenza vims arc not 
present in the sera of animals recovered from human influenza, but 
they do appear in the sera of most such swine following reinoculation 
with swine influenza, and this even in the absence of clinical mani- 
festations of infection. The finding indicates that the immunity to 
swine virus conferred by previous infection with the human agent is 
not of such a nature as to give rise to a barrier to virus invasion in the 
respirator}* tract mucosa of the apparent!} immune host. 

The fact that the respirator}* tract mucosas of swine still let swine 
influenza virus through after recovery from infection with the human 
virus may explain why infection with a mixture of human virus and 



RICHARD E. SHOPE 


167 


bacterium gives a better immunity to swine influenza than does in- 
fection with human virus alone. Swine initially infected with a mix- 
ture of human influenza virus and B. influenzae suis develop an immu- 
nity to both agents: immunity to the human virus is evidenced by the 
appearance of specific neutralizing antibodies, while immunity to B. 
influenzae suis is indicated by the failure of this bacterium to become 
established in the lower respiratory tract upon reinoculation with 
swine influenza. Swine initially infected with human influenza virus 
alone, on the other hand, become immune only to this virus. Wken 
later inoculated intranasally with a mixture of swine influenza virus 
and B. influenzae suis the animals immune to both the human virus 


and E. influenzae suis have only the heterologous virus with which to 
deal. The swine virus in these cases, to judge by the formation of 
swine virus-neutralizing antibodies, invades the tissues of the respira- 
tory tract and persists for a short time at least. That it is rather 
promptly inactivated, however, probably through an immunity mecha- 
nism established as a result of previous infection with the closely 
related human virus, is indicated by the fact that, in animals that 
remain free of symptoms, no swine virus can be demonstrated in the 
turbinates or lung even 3 days after inoculation. The swine show no 
clinical or postmortem evidence of this evanescent virus infection and 
thus, like ferrets and mice, appear to possess a perfect cross-immunity. 
On the other hand, swine immune only to the human virus cannot 
usually adequately resist this transitory infection with the swine 
influenza virus when a concomitant B. influenzae suis infection is 
added. Even here, however, the virus component is rapidly destroyed 
in the influenzal lesions it has initiated, as evidenced by its complete 
absence, or presence only in low concentration, in the turbinates and 
lungs as early as the 3rd day after infection. 

To judge from the two instances in which swine were given 2 intra- 
nasal injections of human influenza virus alone, repeated inoculations 
wit the human virus enhance the effectiveness of the cross-immunity 
defense mechanism against swine influenza. 

. K sc . ems from the experiments discussed, that the cross- 
immunity shown by swine recovered from infection with the viruses 

° r n man and A™" 6 influenza ' respectively, may be due to different 
echamsms. Animals convalescent from swine influenza are immune 
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to human influenza virus apparently by virtue of the failure of the 
human agent to get through the lining of the respiratory tract. In the 
case of swine recovered from infection with human influenza virus, 
on the other hand, the respiratory tract mucosa still lets the swine 
influenza virus pass, but here the invading virus is rather promptly 
inactivated by some unknowm defense mechanism evidently estab- 
lished by the earlier human virus infection. 

The findings recorded were all obtained in “acute” experiments and 
it is possible that other results would be obtained when long periods of 
time intervened between succeeding exposures to infection. Practical 
considerations, incident to experimental work with swine, have made 
it impossible to include such long time experiments in the present 
studies. 


SUMMARY 

Swine recovered from infection with either swine influenza or swine 
influenza virus alone are usually not only immune but refractory to 
human influenza infection. Swine recovered from infection with a 
mixture of h um an influenza virus and II. influenzae suis arc usually 
immune to swine influenza while those recovered from infection with 
human influenza virus alone are usually not immune to swine influenza. 
The possible mechanisms involved in the cross-immunity between 
the influenza viruses are discussed. 
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(Received for publication, April 26, 1937) 

Early experiments indicated that the bacterium, Hemophilus 
influenzae suis, (1) administered intranasally to swine, conferred no 
immunity to swine influenza (2). These had not been intended to 
test the possible value of the organism for use as a prophylactic agent 
in controlling swine influenza, and no experiments in which the bac- 
terium was administered in other ways than intranasally were con- 
ducted. More recent experiments (3), however, have indicated that, 
when accompanied by human influenza virus, H. influenzae suis does 
play a rdle in immunizing swine to swine influenza. It has been 
found that while swine recovered from infection with a mixture of 
human influenza virus and H. influenzae suis were usually immune to 
swine influenza, those recovered from infection with human influenza 
virus alone were usually not immune. These experiments were 
believed to indicate that H. influenzae suis, in the presence of a con- 
comitant human influenza virus infection, immunized swine to the 
bacterial component of the swine influenza etiological complex (4). 

The apparent discrepancy between the earlier and the more recent 
experiments could be explained by assuming that when the bacterium 
alone was administered intranasally to swine it was applied super- 
ficially to an intact mucosa that was impermeable to its deep penetra- 
tion. The inability of the bacterium to penetrate the respiratory 
tract mucous membranes could account for its failure to induce an 
immunity response. However, when H. influenzae suis was given 
intranasally to swine in mixture with human influenza virus it was 
not only afforded a portal of entry into deeper tissues through lesions 
produced by the virus, but the influence of the virus may have en- 
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dowed it with invasive properties that it did not possess alone. Under 
such circumstances the bacterium might be expected to elicit an 
immunity response. This possible explanation of the observed 
phenomena raised the question of whether H . influenzae suis vaccines 
given intramuscularly might not immunize swine to the bacterial 
component of the etiological complex of swine influenza. 

EXPERIMENTAL 

Preparation of E. influenzae suis Vaccines.— Cultures 18 and 23 II. influenzae 
suis, originally obtained from naturally occurring field cases of swine influenza, 
were used either singly or pooled in the experiments. The 48 hour growths from 
chocolate agar slants were scraped off and suspended in a small amount of physio- 
logical saline. These suspensions were then centrifuged in graduated tubes for 
M hour at 1600 to 1800 r.p.m. The volume of bacterial sediment was noted 
after which the sediment was resuspended in sufficient physiological saline to 
make a final 1 per cent by a'olume suspension. Part of the suspension was 
removed to use as living vaccine while the remainder was heated at 57°C. for 
30 minutes in sealed tubes submerged in a water bath. All heated suspensions 
proved sterile when planted on media capable of supporting the growth of II. in- 
fluenzae suis. 

At the time that the present experiments were conducted no recently isolated 
strains of H. influenzae suis were at hand. The two strains used bad both been 
under cultivation sufficiently long that, while still capable of producing influenza 
when given intranasally to swine in mixture with swine influenza virus, they no 
longer transferred with the virus from sick to normal animals by contact. The 
ability of the bacterium to transfer together with the virus from swine to swine 
by pen contact is a property possessed by all freshly isolated cultures of 11. influ- 
enzae suis which is lost after a variable period of cultivation on artificial media (5). 
The experiments to be reported were conducted with non-contagious strains of 
the bacterium. 

Vaccination of Swine with Healed and Living Hemophilus 
influenzae suis 

Each of 8 swine were given 3 intramuscular injections at 8 day intervals of 
heat-killed H. influenzae suis; a second group of 6 swine received injections simi- 
larly of living H. influenzae suis. The amount of the first dose administered 
was 1 cc., while the 2 succeeding doses were of 2 cc. each. The heated vaccine 
caused no apparent reaction in any of the animals. The living vaccine, however, 
caused a sharp temperature elevation on the day following the seco.-d injection. ^ 
The vac cina ted animals were tested for immunity to swine influenza, 9 to b 
days after their last dose of vaccine, by intranasal inoculation with a mixture o, 
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swine influenza virus and B. influenzae suis. After cither 3 or 4 days of clinical 
observation they were killed and autopsied and their respiratory tracts examined 
for lesions of influenza. Details of the experiments and the outcome of the tests 
for immunity are given in Table I. 

As shown in the table, the results obtained were not clear cut and 
there was considerable individual variation in the degree of protection 
afforded. In only one instance, that of swine 1690, was protection 
against the effects of 11. influenzae suis apparently complete. The 
disease seen in this animal was typical, both clinically and at autopsy, 
of that produced by the virus alone (4); and U. influenzae suis could 
not be cultivated from the respiratory tract. The remaining 7 swine, 
vaccinated with heated B. influenzae suis, developed, when tested for 
immunity, a swine influenza that was less severe clinically than that 
shown by any of the 3 control swine. At autopsy, the influenzal 
pneumonia encountered in the vaccinated pigs was found to involve 
from 1.5 to 3.5 lobes, whereas, in the control animals, 4 and 5 lobes 
were consolidated. Virus, demonstrable by mouse inoculation (6), 
was present in the lungs of all of the pigs, but H. influenzae suis could 
not be grown from the affected lungs of 3 of the 8 vaccinated animals, 
although it was present higher in the respiratory tract in 2 of the 3 
cases. It seems likely that the suppression of II. influenzae suis in 
these 3 swine was an effect of the immunization procedure. 

The swine vaccinated with living B. influenzae suis differed some- 
what from those that had received heated vaccine. When tested for 
immunity to swine influenza they became severely ill within 24 hours, 
lay prostrate, and exhibited temperatures of 41°C. or higher. The 
control swine at this time were only sh'ghtly ill, and showed less 
elevation of temperature. On the 2nd day, however, the vaccinated 
animals were much improved and no case at this time could have been 
classified clinically as more than a mild swine influenza. Their tem- 
peratures dropped either to normal or to low fever level and remained 
there. The control swine, on the other hand, became progressively 
worse and exhibited the signs of typical swine influenza. At autopsy 
the difference in the extent of pneumonia shown by the vaccinated 
pigs and the control animals was not striking, and probably in the 
cases of tlie last 4 animals in Table I it was negligible. However, the 
amount of consolidation in the lung of neither control animal was as 
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extensive as is usual in typical swine influenza, although one had a 
bilateral fibrinous pleuritis. Virus was present in the lungs of all 
pigs, but H. influenzae suis could be grown from the pneumonic lung of 
only 1 of the 6 vaccinated animals despite its presence higher in the 
respiratory tracts of all. As in the case of the animals that received 
heated vaccine, this suppression of H. influenzae suis in the lung is 
considered an effect of the immunization procedure. 

None of the sera of the vaccinated swine, drawn just prior to their 
test for immunity, exerted any neutralizing effect on the swine in- 
fluenza virus. Neither did they contain agglutinins for II. influenzae 
suis. 


DISCUSSION 

The results obtained in the present experiments, when considered as 
a whole, furnish evidence that H. influenzae suis given intramuscularly 
to swine elicits an immune response capable of modifying the course 
of a later swine influenza infection. Heated vaccine appears to be at 
least as effective as a living one so far as can be judged from clinical 
and postmortem findings. However, II. influenzae suis was more 
often completely suppressed in the pneumonic lungs of animals vac- 
cinated with live vaccine than in the lungs of those that had received 
the heated vaccine. If this suppression of the specific bacterium is 
really an effect of the immunization procedure, then more protection 
was achieved by the living vaccine. The severe clinical reaction, 
with extreme prostration and high fever, occurring within 24 hours of 
the test for immunity in the swine vaccinated with living organisms, 
may represent an allergic reaction in which destruction of H. influenzae 
suis occurs in the lung. Certainly the prompt clinical improvement 
showm by these animals after their initial reaction suggests that the 
swine influenzas they suffer are not progressive after the first 24 hours, 
and that the factors responsible for the continued illness of the control 
swine are no longer operative in them. Their condition corresponds 
to that seen at the onset of convalescence on the 5th or 6th day post- 
infection in susceptible swine when, though still carrying anatomical 
changes caused by influenza, they appear clinically almost normal. 
In the animals treated with heated vaccine, on the other hand, sup- 
pression or destruction of TJ. influenzae suis in the respirator)' tracts 
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appears to be less drastic and, while partial protection is evident from 
both clinical and postmortem examination, the immediate severe 
reaction following the test for immunity is avoided. No explanation 
for this difference in the character of immunity established by heated 
and living E. t njlucnzae suis vaccines is apparent. Agglutinins for II . 
influenzae suis were not demonstrable in the sera of any of the vac- 
cinated swine at the time of the test for immunity to swine influenza. 

From the practical standpoint of controlling swine influenza the 
partial protection afforded swine by the bacterial vaccines is of no 
immediate value since it is already known that complete protection 
to the disease can be achieved by means of swine influenza virus 
vaccines (2, 7). The present studies are of interest only in showing 
that at least a partial immunity to the bacterial component of the 
etiological complex responsible for swine influenza can be established, 
and that this is capable of modifying the course of a later swine in- 
fluenza infection. Swine influenza virus vaccines remain the method 
of choice in immunizing swine to swine influenza. 


SUMMARY 

Either living or heat-killed E. influenzae suis vaccines, given intra- 
muscularly to swine, elicit an immune response capable of modifying 
the course of a later swine influenza infection. The protection 
afforded is only partial and is in no way comparable to the complete 
immunity afforded by swine influenza virus vaccines. 
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It is generally accepted that malaria infections confer a certain 
degree of immunity on their hosts upon recovery. It has not been 
clearly shown, however, that the serum of an animal after recovery 
from the acute attack contains immune substances which are capable 
of exerting a protective action when injected into a normal animal. 

In the literature there are conflicting reports concerning the protective property 
of serum taken from animals or man suffering from chronic malaria. Taliaferro 
and Taliaferro (1), working with canaries, and Nauck and Malamos (2), using 
monkeys, reported their failure to produce passive immunity with malaria immune 
serum, irrespective as to whether it was given before, at the time, or after inocula- 
tion of the parasite. However, Findlay and Brown (3), working with canaries, 
believed that they could demonstrate some protective action if they used suffi- 
ciently large doses of immune serum in conjunction with a very small infective 
dose of parasites. In induced human malaria Kauders (4) felt that convalescent 
serum had some protective action as well as a beneficial therapeutic effect. Soti- 
riades (5) reported clinical improvement in seven malaria-infected paretics after 
intramuscular injections of 20 cc. of whole blood taken from individuals with 
chronic malaria; in one case the injections of serum were combined with adminis- 
tration of small amounts of quinine. 

When Plasmodium knowlesi is injected into Macacus rhesus the resultant in- 
fection almost invariably terminates in death. Mulligan and Sinton (6) reported 
that in a series of over 120 monkeys infected with this parasite only one monkey 
recovered spontaneously from the initial attack. In our experience there was 
only one survival among 70 infections. An infection with this parasite, however, 
may be converted into a chronic state by administering antimalarial drugs early 
in the course of the disease. 


Materials and Methods 

Two species of monkey plasmodia were represented in this series of experiments. 
One was a strain of Plasmodium knowlesi (Sinton and Mulligan) obtained through 
177 
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the courtesy of Sir S. Rickard Christophers at the London School of Hygiene and 
Tropical Medicine in 1934. The other was a strain of Plasmodium iniii (Ilalbcr- 
stadter and Prowazek) isolated in this laboratory in 1933 from a naturally infected 
Macacus cynomolgus. Macacus rhesus monkeys were used exclusively in these 
experiments. They were infected by intravenous injection of citratcd blood 
containing a known number of parasites. 

The so called immune serum used in the protection tests described below was 
collected and pooled from animals with chronic infections of varying duration. 
The time interval between quinine treatment and bleeding varied from 15 to 190 
days, or an average of 41 days. In the pool there was included serum of only one 
monkey which had been given atabrine instead of quinine. This animal had 
received one dose of the drug and it was not bled until 28 days after treatment. 
All bleedings were done under ether anesthesia. 

In the early experiments the donor animals were exsanguinated. Later, how- 
ever, a more economical procedure was adopted by bleeding the animals at infre- 
quent intervals without complete exsanguination. It was found that an amount 
up to 50 cc. of blood could be obtained without sacrificing the animal. Red blood 
cell counts were made on all monkeys which had been bled and it was found pos- 
sible to repeat the bleedings at intervals of approximately 3 weeks. The injections 
of serum were generally given intraperitoneally, with the exception of one experi- 
ment in which some of the serum was injected by the intramuscular route. 

After injection of the parasites, blood examinations were made daily on all 
animals to acquire information concerning the progress and intensity of the in- 
fection. The number of parasites found in the blood of infected monkeys, as 
shown in Table I, is based upon the number of parasitized cells per 10,000 normal 
red blood corpuscles. In Charts 1 to 5 inclusive the P. kncnvlcsi counts were 
plotted on an arithmetical scale with the ordinates compressed and in Chart 6 the 
P. ituti counts were plotted on an unmodified arithmetical scale. When estimating 
the number of parasites to be used for an inoculation, a simultaneous red cell and 
parasite count was made on the donor animal. From the data thus obtained the 
volume of infected blood necessary to contain the desired number of parasites was 
computed. 


EXPERIMENTAL 

Experiment 1 . — A normal rhesus monkey, No. 1, was given 22 cc. of pooled 
serum intraperitoneally from animals with chronic infection. 3 hours later this 
animal and another normal monkey, No. 2, which served as control, were each 
given 1,600,000 parasites intravenously. The course of infection in these two 
animals is shown in Chart 1 and Table 1. It will be noted that the control monkey 
died on the 8th dav after inoculation, while in monkey 1 the course was consider- 
ably prolonged and the animal did not succumb to the infection until the 13th day. 

Experiment 2— In this experiment a normal monkey, No. 3, was given 15 cc. o. 
pooled serum from monkeys having chronic infection. Another animal, No. 
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received a similar amount of normal monkey serum to serve as a control. 3 hours 
later these two animals and also an additional monkey, No. 5, were each inoculated 
with 4,500,000 parasites. Immediately following the injection of parasites 
monkey 3 was given an additional IS cc. of pooled serum from monkeys with 
chronic infection, and similar amounts were injected daily for the following 4 days. 
Monkey 4 received equivalent amounts of normal scrum at the same time intervals. 
, The results of this experiment are shown in Chart 2 and Table I. It will be seen 
that monkey 3, which received pooled serum from monkeys with chronic infection, 
survived. Monkey 4, which was given normal serum, died on the 8th day, and 
monkey 5, which received no serum, died on the 12 th day following inoculation. 


0 Elmmune serum. Rhesus monkey 
fNo.l 



Rhesus monkey 
No. 2 


6 8 10 12 14 


Days following infection 
with Tl&smodium Jznowlesi 
Chart 1 


Experiment 3. — The foregoing experiment was repeated along similar lines 
except that a different pool of immune serum was used and a normal serum control 
was not included. Two normal monkeys, Nos. 6 and 7, were each inoculated with 
6,000,000 parasites. Monkey 6 had received 25 cc. of immune serum 3 hours prior 
to the injection of parasites and was given additional injections of immune serum 
at intervals, as used for monkey 3 in the preceding experiment, and it survived 
(Chart 3 and Table I). The control animal, No. 7, died on the 7th day after 
inoculation with the parasites. 

Since it was evident from Experiments 2 and 3 that the serum from 
monkeys harboring chronic malarial infections is capable of conveying 
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passive immunity to normal animals, it was decided to subject the 

protective property of the serum to a more severe test. 

Experiment 4 — Two normal monkeys, Nos. 8 and 9, were each inoculated with 
500 000 000 parasites, which was approximately 100 times the number used in the 
previous experiments. Monkey 8 had received 25 cc. of immune serum 3 hours 
prior to the injection of the parasites and 5 cc. daily for 5 days thereafter. The 
results are shown in Chart 4 and Table I. It will be noted that in spite of inocula- 
tion with an overwhelmingly large number of parasites and the use of a relatively 
small amount of immune serum, monkey 8 had a prolonged course of infection and 
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Cham 4 


did not die until the 16th day of the disease, whereas the control animal, No. 9, 
died on the 6th day after inoculation. 

An experiment was now undertaken to determine the protective 
property of varying amounts of immune serum against a relatively 
small infecting dose of the parasites. 

Experiment 5.— Three normal monkeys, Nos. 10, 11, and 12, were each inocu- 
lated with approximately 1,000,000 parasites. Monkey 10 received 5 cc. of 
immune serum daily for 5 days, and monkey 11 was given daily injections of 10 cc. 
or a similar period, while monkey 12 served as control. It is frequently observed 
tnat when the infecting dose of the parasites is small, the incubation period is 
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considerably prolonged. In this experiment the control monkey, No. 12, did not 
die until the 19th day after inoculation. After a prolonged incubation period 
monkeys 10 and 11 showed an intensity of infection similar to the control animal. 
However, when additional injections of immune serum were given at the periods 
as indicated in Chart 5 and Table I, there was a rapid fall in the number of para- 
sites present in the circulating blood and both animals recovered. 
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With a view to determining the most favorable time for the adminis- 
tration of immune serum in order to afford maximum protection, the 
following experiment was carried out. 


Experiment 6 .- Eight normal monkeys. Nos. U i to 20 inclusive, were each 
inoculated with 3,370,000 parasites. As shown in Table I, rr.on j * 
were given 5 cc. of immune serum daily dunng the entire course o. the dr.e— , 
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on the 5th day, and then were given 5 cc. daily for the duration of the disease. 
The control monkeys, Nos. 19 and 20, each received 5 cc. of normal monkey serum 
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daily throughout the course of their infection. As seen in Table I, monkeys 13 
and 14 died of acute malaria on the 10th and 11th day, respectively; Nos. 15, 16, 
and 17 survived, while No. 18 also died on the 10th day after inoculation. The 
control animals, Nos. 19 and 20, died on the 16th and Sth day, respectively. 

The results seemed to indicate that while the immune serum 
afforded good protection in some animals, it completely failed in 
others. We have no adequate explanation for this phenomenon, but 
it is suggested that besides individual variation in the susceptibility of 
monkeys, there may be a considerable variability in the concentration 
of the immune substances in the serum of individual monkeys harbor- 
ing chronic infection from which the pools were made up. 

The preceding experiment was repeated except that a different pool 
of immune serum was used and the infecting inoculum contained a 
smaller number of parasites. 

Experiment 7. — Seven normal monkeys, Nos. 21 to 27 inclusive, were each 
inoculated with 1,407,000 parasites and the immune serum was given at the same 
intervals as in Experiment 6. The results are shown in Table I. Monkeys 21 
and 22, which received 5 cc. of serum daily throughout the course of infection, 
died on the 15th and 16th day, respectively, after injection of the parasites; 
monkeys 23 and 24, each of which was given 5 cc. of immune scrum daily during 
the first 7 days of infection, died on the 12th and 14th day, respectively. Monkey 
25, which received 5 cc. of immune serum daily, commencing after the infection 
was well established, died on the Sth day. The two control animals, Nos. 26 and 
27, both died on the 7th day after inoculation. 

It seemed obvious from these results that the immune pool used in 
this experiment had only a slight protective property, as shown by the 
prolongation of the course of infection in monkeys which received 
daily injections of 5 cc. each throughout the disease. This serum 
appeared to have been ineffective when given after the infection had 

already become firmly established. 

All the foregoing experiments were carried out with P. hiawlcst. 
In order to determine whether a chronic infection with another specks 
of malaria parasite results in the production of protective substances 
in the serum of the host, the experiment described below was earned 
out with P. inui. When injected into rhesus monkeys P. inm gen- 
erally produces only a moderately severe infection which practically 
always is followed by spontaneous recover}*. A number of monkeys 
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which had recovered from an initial infection with this parasite were 
bled and the sera pooled. The protective effect of this serum against 
P, inui infection was determined by the intensity of infection as shown 
by daily counts of parasitized cells per 10,000 normal red cells. • 

Experiment 8 .— Five normal monkeys, Nos. 28 to 32 inclusive, were each inocu- 
lated with 2,500,000 parasites. The results of this experiment are shown in 
Chart 6. Monkey 28, which received 5 cc. of serum for 9 consecutive days after 
the administration of parasites, had a maximum count of 16 parasites per 10,000 
normal red blood cells on the 19th day of infection. Monkey 29, which received 
15 cc. of serum 25 hours before inoculation with parasites, 15 cc. at the time of 
infection, and 15 cc. daily for 2 days, had a maximum count of 59 on the 23rd day 
of the disease. Monkey 30 received 25 cc. of serum on the 8th day after the onset 
of infection and none thereafter; the maximum count was 56 on the 16th day. 
Monkey 31 received only one serum injection of 25 cc. This was administered 21 
hours before inoculation with parasites and the maximum parasite count was 380 
on the 19th day. Monkey 32, the control, received no serum and had a maximum 
count of 160 which occurred on the 20th day of the infection. 

It is to be noted in this experiment that serum from animals which 
had recovered from the acute attack due to P. inui was most effective 
in decreasing the intensity of the infection when administered during 
the course of the disease. 


DISCUSSION 

There are numerous reports in the literature which suggest the 
formation of specific antibodies in the host during the course of an 
infection due to malaria parasites. In avian malaria, for example, 
the recovery from an initial attack occurs with such rapidity that it is 
often referred to as a crisis. Since it is known that from the onset of 
the infection the macrophages of an infected bird are constantly 
phagocytizing parasites, the marked decrease in their number at the 
time cd recovery could probably best be explained on the basis of 
opsonizing antibodies or humoral immune substances. Furthermore, 
the fact that an animal after recovery from a malarial infection is 
usually immune to reinfection with the homologous parasite would 
tend to suggest that there are specific protective substances present 
m the serum of such an animal. These observations have led Talia- 
ferm and Cannon (7), Ciuca (8, 9), Hackett (10), Ferrio (1 1), Thomson 

1 J, Neumann (13), and others, to infer that specific humoral immune 
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substances to malaria parasites are present in the serum of the host 
during chronic infection. But it is usually pointed out that these 
antibodies appear in the serum in such a low concentration that their 
presence cannot be demonstrated by ordinary protection test methods. 

We believe that the data presented in this paper offer definite 
evidence to indicate that, in some instances at least, protective sub- 
stances do occur in the serum of monkeys harboring chronic infection 
with P . knowlesi and P. inui, and that the serum of such animals, 
when injected into normal monkeys, is capable of conveying passive 
immunity in the animal recipient to the homologous parasites. Our 
results also indicate that the protective antibodies appear in the scrum 
of animals with chronic infection in a very low concentration, and that 
large amounts of the serum must be used in order to demonstrate 
their presence. In our experiments amounts varying from 22 to 109 
cc. were given to an animal, which makes an average of 52 cc. per 
animal, or 26 cc. per kilo of body weight. Pooled serum from a 
number of monkeys was used in these experiments, and as shown by 
the results there was a considerable variation in the protective prop- 
erty of different pools. This would seem to suggest that a vide 
variation probably exists in the degree of humoral immunity in 
monkeys suffering from chronic malaria. 

Our results suggest that the protective action of the immune scrum 
was most pronounced when the serum was administered in daily doses 
throughout the course of the experimental disease. Relatively large 
amounts given shortly before or at the time of the injection of the 
parasites seemed to have only a minor influence on the course of infec- 
tion. Likewise, when given after the infection was already well 
established the serum seemed to have little effect on the final outcome. 
Of special interest are monkeys 10 and 11, in Experiment 5, which 
received imm une serum both early and late in their infection. As 
seen in Table I, after the first course of scrum treatment had ceased, 
the parasite count in the blood of these two monkeys rose to 109S and 
1152, respectively. Immune serum given at this point resulted in a 
fall in the parasite count to 72 and 501, respectively, within 24 hours. 

It has often been observed that when the parasite count has reached 
1000 in an initial attack of P. knowlesi infection it is impossible to 
prevent death even with massive doses of quinine. 
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In preparing the innnune serum pools used in the experiments 
described above, a considerable number of the monkeys with chronic 
malarial infection were bled repeatedly and some as many as six times. 
Red blood cell counts done at frequent intervals on these animals 
showed that it required about 3 weeks after each bleeding before the 
normal counts were restored. After bleeding these monkeys fre- 
quently showed temporary macrocytosis and polychromasia. Para- 
site counts usually showed little or no alteration after the multiple 
bleedings. One animal, however, suffered a relapse and died of acute 
malaria in spite of massive quinine therapy. Following successive 
bleedings of the original monkeys with chronic infection, the potency of 
the pooled immune serum seemed to decrease progressively as evi- 
denced by its ability to protect normal animals. 

SUMMARY AND CONCLUSION 

A Plasmodium knowlesi infection in rhesus monkeys is almost in- 
variably fatal. This infection, however, may be made chronic by the 
early administration of antimalarial drugs. The animals then will 
harbor a chronic infection for an indefinite period. The serum taken 
from monkeys with chronic infection and injected into those suffering 
from an acute attack was found to have a definite depressing effect 
upon the course of the experimental disease. In some instances death 
was prevented and the acute infection changed into a chronic form; 
in others, the course of the experimental disease was prolonged. 

In a similar manner the serum from monkeys harboring a chronic 
Plasmodium inui infection, when injected into monkeys suffering 
from an acute attack due to this parasite, was found to be effective in 
reducing the intensity of the primary infection. 

The data presented indicate that protective antibodies are produced 
in the serum of monkeys during experimental malaria infection. 
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When rabbits are immunized with artificial antigens containing the 
azobenzyl glycosides of glucose and glucuronic add, the antibodies 
elidted are spedfic and show no serological crossing (1). Since the 
configuration of the hexoside radicals in these antigens is identical,^ it 
is noteworthy that they give rise in each instance to immune bodies 
which exhibit no serological cross reactions. Differences in immu- 
nological properties must be attributed therefore to differences in the 
grouping occupying the sixth position in each carbohydrate radical, 
which in the case of the glucosidc is an hydroxyl group (CH : OH) and 
in the glucuronide a carboxyl group (COOH). 

The uronic acid nucleus of the capsular polysaccharides of certain 
types of pneumococci appears to be of special importance in deter- 
mining the serological reactions of the latter substances. In certain 
instances the uronic add is glucuronic add, while in others galactu- 
ronic add is found as an integral part of the polysaccharide molecule. 
It seemed advisable, therefore, to compare the serological properties 
of artificially compounded antigens containing glucuronic and galac- 
turonic adds, for in this manner it should be possible to ascertain the 
relationship between stereoisomerism and the immunological proper- 
ties of the polar carboxyl group. 


Chemical Methods 

Tclracetyl p-Nitrobcnzyl fi-Galactoside . — This glycoside was prepared by shaking 
7.7 gm. of acetohromogalactose (2) with 5.8 gm. of silver oxide and 5.8 gm. of p- 
nitrobenzyl alcohol in 80 cc. of ether for 1 hour. After filtering and concentrating 
the solution in vacuo, the oily residue was taken up in hot 50 per cent alcohol. 
191 
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The glycoside crystallized as the solution was slowly cooled. 3.0 gm. of glycoside 
were recovered. The substance was recrystallizcd several times from 50 per cent 
alcohol. The pure substance melted at 99.5-100.5° (uncorrectcd). 

Rotation. [a] D = — 35.9° in CHCI3 (C — 1 percent). 

Analysis. CaH^OjeN. Calculated. C 52.2, H 5.2, COCHj 35.6. 

_ Found. C 52.6, H 5.4, COCH, 35.6. 

p-Nitrobcnzyl P-Galaclosidc. 17.1 gm. of tctracetyl f'-nitrobenzyl galactoside 
were suspended in 100 cc. of methyl alcohol and dcacctylatcd with 1/30 mole of 
barium methylate according to the method of Isbell (3). After removing the 
barium by adding the equivalent quantity of n /1 sulfuric acid, the glycoside was 
recovered from the mother liquors. 9.9 gm. of glycoside were obtained. The 
product, recrystallized from methyl alcohol, melted at 161-162° (uncorrectcd). 

Rotation. — [ct] o = — 32.9° in CH3OII (C = 1.5 per cent). 

Analysis. — CuIIi-OgN. Calculated. C 49.5, H 5.4, N 4.4. 

Found. C 50.2, H 5.6, N 4.3. 

p-Aminobcnzyl /3- Galactoside . — 2.0 gm. of />-nitrobenzyl galactoside were dis- 
solved in 100 cc. of absolute methyl alcohol and reduced catalytically (4). On 
concentrating the alcoholic solution and dissolving the residual oil in 95 per cent 
ethyl alcohol, the glycoside crystallized as needles melting at 89-90° (uncor- 
rected). 

Rotation. — [a] if = — 50.5° in CHjOH (C = 0.8 percent). 

Analysis.— CuHiAN. Calculated. C 54.7, H 6.7, N 4.9. 

Found. C 54.6, H 6.7, N 4.6. 

p-Nitrobcnzyl fi-Glycosidc of Triacclyl Galocturonic A cid Methyl Ester. 1 — 18.0 gm. 
of triacetylbromo galacturonic acid methyl ester (5) were dissolved in 450 cc. of 
anhydrous ether. S.4 gm. of /'-nitrobenzyl alcohol and 6.4 gm. of silver oxide 
were added. The mixture was shaken for 3 hours at 24°C. until the ethereal 
solution no longer gave a test for the bromo compound. The glycoside crystal- 
lized as the reaction progressed. The mixture was filtered, the filtrate discarded, 
and the glycoside extracted from the residue of silver salts with chloroform. After 
evaporating the latter, the glycoside crystallized on dissolving the residue in 
methyl alcohol. 8.2 gm. of the product were obtained as glistening needles melting 
at 120-122° (uncorrected). 

Rotation. — [or]n = —27.8° in CHCIj (C = 1.5 per cent). 

Analysis. — CnHuOsNfCOCHsMOCHj). 

Calculated. C 51.2, H 5.0, OCIIj 6.6. 

Found. C 51.2, H 5.2, OCH3 6.6. 

p-Nitrobcnzyl p- Glycoside of Galacturonic Acid Methyl Ester.— 6.0 gm. of the 
acetvlated glycoside were suspended in 75 cc. of methyl alcohol freshly distilled 
over' codium. 1.5 cc. of x/1 barium methylate were added at 0’ and the mixture 


1 The galacturonic add used in this research was furnisher! us by the Depart- 
ment of Agricultural Chemistry of the University of Wisconsin through t..e 
courtesy and generous cooperation of Dr. Karl P. Link. 
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shaken at 0° for 1 hour. A second portion of 1.5 cc. of barium methylate was 
added and the shaking continued until all of the glycoside had dissolved. The 
solution stood at 0° overnight. A small amount of yellowish precipitate settled 
on standing and was removed. The solution was now concentrated in vacuo and 
the residue taken up in hot alcohol, and the latter allowed to cool. 2.8 gm, of the 
f-nitrobenzyl ^-glycoside of galacturonic acid methyl ester were recovered. The 
compound crystallizes as glistening needles melting sharply at 166.5-167.5° 
(uncorrected). 

Rotation.— fog’ - -53.4*mCH»OH (C *= 0.6percent). 

A nalysts. — CjsHhOjN (OCH j). Calculated. OCH, 9.0, N 2.45. 

Found. OCHj 8.8, N 2.60. 

p-Aminobcnzyl fi-Glycosidt of Galacturonic Acid Methyl Ester. — 0.9 gm. of the 
nitrobenzyl glycoside was dissolved in 50 cc. of methyl alcohol and reduced cata- 
lytically with 25 mg. platinum oxide and hydrogen. The reduction was complete 
in 10 minutes and the theoretical quantity of hydrogen had been utilized. The 
platinum was filtered off and the filtrate concentrated in vacuo and dissolved in a 
small amount of ethyl alcohol. The glycoside crystallized as well defined long 
silky white needles. 0.65 gm. was recovered. The compound apparently crystal- 
lizes with a half molecule of ethyl alcohol of crystallization. The melting point 
of the derivative is not sharp. The compound collapses at 76° and melts at 90°. 
A methoxyl determination shows that the derivative contains Y mole of alcohol 
of crystallization. When the derivative is crystallized from a small amount of 
water, and the substance dried in vacuo over calcium chloride at room tempera- 
ture, the glycoside is obtained as white well defined needles which melt at 108-110° 
with effervescence. 

Rotation.— (off* - -75.8°inH 2 0(C » 1 percent). 

i4«olysw. — CuHwOfl(OCHj). Calculated. OCHa 9.9, N 4.5. 

Found. OCHa 9.6, N 4.2. 

P-Aminobcnzyl fi-Glucoside and fi-Glucuronide. — These derivatives were pre- 
pared by methods described in the previous study (1). 


Immunological Reactions 

Methods.— Immunizing antigens were prepared by combining the diazonium 
derivatives of Aaminobenzyl ^-glycosides of glucose, galactose, glucuronic, and 
galacturonic adds with normal horse serum globulin. The galacturonic acid 
antigen was prepared from the ^-arainobenzyl galacturonide methyl ester by first 
y rolyzing the ester with one equivalent of normal sodium hydroxide. The 
res ting sodium salt of the acid was diazotized and coupled to serum globulin in 
the usual way. 

°* 5mmunization rabbits and the technique of the precipitin 
an 1 1 ltion tests were the same as described in previous studies. Test antigens 
v ere prepared by combining the glycosides to the protein of chicken serum in order 
to avojd protein cross reactions. For the sake of brevity, immunizing antigens 
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Trill be referred to in the tables as glucose-globulin, glucuronic acid-globulin etc., 
whereas the test antigens are referred to as glucose-chick, glucuronic add-chick, 
etc. 

Specific Precipitin and Inhibition Tests . — The sera of rabbits immun- 
ized with azoprotein antigens prepared from the diazonium deriva- 
tives of the ^-aminobenzyl glycosides of glucose, galactose, glucuronic 
and galacturonic adds were first tested for the presence of homologous 

TABLE i 


Precipitins in Sera of Rabbits Immunized with Glucose, Galactose, Glucuronic Acid, 
and Galacturonic Add Antigens 


Antiserum prepared by 
immunisation with 

Test antigen used 

Final dilution of test antipen 

1:10,000 

1:20,000 

1:40,000 

Glucose-globulin 

Glucose- chick 

+++ 

4*4*4- 

++i 


Galactose “ 

a- 

0 

0 


Glucuronic add-chick 

(0 

0 

0 


Galacturonic “ “ 

0 

0 

0 

Galactose-globulin 

Glucose- chick 

_u 

0 

0 


Galactose " 

+- J-++ 

+++ 

++i 


Glucuronic add-chick 

0 

0 

0 


Galacturonic " " 

0 

0 

0 

Glucuronic add- 

Glucose- chick 

zfc 

dr 

0 

globulin 

Galactose “ 

0 

0 

0 


Glucuronic add-chick 

+++ 

+++ 

++ 


Galacturonic “ “ 


d= 

0 

Galacturonic add- 

Glucose- chick 


0 

0 

globulin. 

Galactose “ 

0 

0 

0 


Glucuronic add-chick 


dr 

0 


Galacturonic “ “ 

++i 

+++ 

+4-4- 


and heterologous predpitins. The results of these tests arc sum- 
marized in Table I, in which it is seen that each antigen gives nse to 
antibodies which are distinct and sperific. The antisera in each 
instance show little or no serological crossing. The spedfirity of 
these serological reactions is further emphasized by the specific inhibi- 
tion tests, the results of which are given in Table II. It is cvi cn 
that the predpitin reactions are inhibited only by the homologous, 
and not by any of the heterologous glycosides. 
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In the first paper of this series it was shown that the specificity of 
conjugated carbohydrate-protein antigens containing glucose an 
galactose is determined by differences in spatial confi^raton oU 
single asymmetric carbon atom in the carbohydrate radical (6). The 


TABLE II 


Inhibition of Precipitin Reactions of Glucuronic Acid, Galacturonic Acid, Glucose, 
and Galactose Antigens in Homologous Antisera 



| 

u /15 /.-aminobrazyl glycoside of 

Test antigen used 
(1:5000) 


by immunization 
with 

09% - 
NaCl H 

Glucu- ( 
ronic t 
acid* 

3alac* 
uronic G 
acid* 

llucose ' 

Galac- 

tose 


0.2 cc. 

Glucuronic add* 
globulin 

cc. 

0.3 

cc. 

0.3 

cc. 

0.3 

cc. 

0.3 

cc. 

0.3 

0.5 cc. 

Glucuronic add- 
chick 

+++ 

0 

+++ 

+++ 

-f ++ 

Galacturonic acid- 
globulin | 

0.3 

| 

0.3 I 

0.3 

1 0.3 

0.3 

Galacturonic acid- 
chick 

+++ 

+++ 

0 

+++ 

+++ 

Glucose-globulin 

0.3 

0.3 

0.3 

0.3 

0.3 

Glucose-chick 

+++ 

++d= 

0 

+++ 

Galactose-globulii 

t 0.3 

0.3 

0.3 

0.3 

0.3 

Galactose-chick 

++- h+ 
++++ 
++++ 
++++ 

0 


* Used as sodium salt. 


stereochemical pattern of the asymmetric carbon atoms of glucose 
and glucuronic acid is identical, yet antigens prepared from the amino- 
benzyl glycosides of these two hexoses give rise in rabbits to antibodies 
which show no serological crossing. Differences in the immunological 
properties of these two antigens must be attributed therefore to differ- 
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ences in polarity of the grouping occupying the 6th position in each 
carbohydrate radical. Thus a new and important factor should be 
taken into consideration in understanding the specificity of carbo- 
hydrates, namely the polarity of groupings within the molecule. The 
results given in Tables I and II show that the glucuronic and gaiactu- 
ronic acid antigens do not cross react appreciably and that in no 
instance do heterologous glycosides inhibit the homologous reactions. 
It may be concluded that antigens containing stereoisomeric uronic 


table rrr 

Precipitin Reactions of Glucuronic and Galacluronic Acid Antigens in 
Antipncumococcus Horse Sera Types I, II, III, and VIII 


Antipncumococcus 

Test antigen wed 


Final dilution cf test antigen 

Type 

1:10.000 

1:50,000 

1 1:250, OOC 

ijnsoo.oooj 1:1.000,000 

I 

Galacturonic acid-chick 

+++ 

++± 

-f 

+ 

rb 


Glucuronic “ “ 

db 

db 

0 

0 

■ 

II 

Galacturonic “ “ 

-4- 

0 



0 


Glucuronic “ “ 

+++ 

+++ 


db 

0 

hi 

Galacturonic “ “ 

++i 

| -f xb 

+ 

dr 

0 


Glucuronic “ “ 

:++++ 

+++ 

++ 

+ 

rb 

vm 

Galacturonic “ “ 


+ 

0 

0 

0 

2s T onnal horse 

serum 

Glucuronic " “ 

Galacturonic “ “ 

Glucuronic “ " 

++i 

0 

0 

++± 

++ 

a. 

db 


acids display a specificity as sharply defined as that exhibited by 
simple hexoside antigens. It should be emphasized, furthermore, 
that the immune response of rabbits is directed toward the carbo- 
hydrate radical as a whole, and not toward any individual grouping 

in particular. . 

Precipitin Reactions of Glucuronic and Galacluronic Acid Antigens in 

Antipncumococcus Horse Sera Types I, IT, III, and T III .— In P-<- 
vious work it has been demonstrated that the capsular polysaccharides 
of Types HI and VT3I pneumococci are constituted from molecule* o 











197 


WALTHEK. T. GOEBEL AND KOLLIN D. HOTCHKISS 

Elucose and glucuronic acid (7). Azoprotein antigens containing 
glucuronic acid react in high dilutions with antipneumococcus horse 
sera Types IX, in, and VIII, whereas the corresponding glucose 
antigen shows little or no serological activity (1). Since it is now 
known that the capsular polysaccharide of Type I Pneumococcus 
contains galacturonic acid (8), one might expect the artificial galactu- 
ronic add antigen to predpitate in antipneumococcus horse serum 
Type I. That this is the case is seen from the results given in Table 
III. The galacturonic add antigen precipitates, however, in Types 
III and VIII serum as well. This reaction might be explained by 
assuming that Types III and Vin pneumococcus contain a galactu- 
ronic add constituent which gives rise to antibodies reactive with the 


TABLE IV 


Precipitin Reactions of Glucuronic and Galacturonic Acid Antigens in 
Antipneumococcus Horse Serum Type III before and after 
Absorption with the Homologous Capsular Polysaccharide 


Antipneumococcus 

Test antigen used 

Final dilution of test antigen 

Type HI 

1:5000 | 

1:10.000 | 

1:80,000 


Glucuronic acid-chick 
Galacturonic " “ 

mmmmm 

BSa 

m 

++=b 


Glucuronic “ “ 

1 1 


0 


Galacturonic “ “ 

.1 

mm 

0 


artifidal antigen. When antiserum is first absorbed with homologous 
capsular polysaccharide, however, the absorbed serum fails to react 
with the galacturonic add antigen, as shown in Table TV. It is 
obvious, therefore, that the reaction of the galacturonic acid antigen 
in antipneumococcus horse serum Type III (and probably in Type 
Vni as well) is one which takes place between the antigen and the 
type spedfic carbohydrate immune body. 

Since the results of the present study demonstrate that antigens 
containing isomeric uranic acids give rise in rabbits to specific anti- 
bodies, it is difficult to understand the reaction of galacturonic acid 
antigen with immune bodies elicited by immunization of horses with 
organisms containing glucuronic add in the encapsulating poly- 
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saccharide. It is believed, however, that the precipitation of galactu- 
ronic acid antigen in antipneumococcus horse sera Types III and VIII 
is of a non-specific nature. Evidence for this hypothesis is provided 
by the results of the specific inhibition tests given in Table V. The 
reaction of glucuronic acid antigen in Types II, III, and VIII anti- 
pneumococcus horse sera is inhibited only by the glucuronide, whereas 


TABLE v 


Inhibition of Precipitin Reactions of Glucuronic and Galacturonic Acid Antigens in 
Antipneumococcus Eorse Sera Types I, II, III, and VIII 


Antipueumo- 
coccus scrum 
Type 

0.9% NaCl 

m/ 15 p-anunobenzyl 
glycoside of 

Test nntisenj 
(1:10.000 

Result 

Glucuronic 

acid 





0.2 cc. 

CC. 

cc. 

cc. 

CC. 

cc. 


I 

0.3 




0.5 

+ + + 



0.3 



0.5 

+ + + 




0.3 


0.5 

0 

II 

0.3 



0.5 


+++ 



0.3 


0.5 


0 




0.3 

0.5 


++ + 

III 

0.3 

j 


0.5 


+++± 



0.3 


0.5 


0 




0.3 

0.5 


! +++± 


0.3 




0.5 

++± 



0.3 



0.5 

0 




0.3 


0.5 

0 

vni 

0.3 



0.5 


+++ 



0.3 


0.5 


0 




0.3 

0.5 


+++ 


0.3 




0.5 

++ 



0.3 



0.5 

0 




0.3 


0.5 

0 


the precipitation of galacturonic acid antigen is inhibited by cither 
uronide On the other hand, the galacturonic acid antigen, winch 
contains the uronic acid found in the Type I polysaccharide, precipi- 
tates in Type I antipneumococcus serum even in the P ^ n « ° ; 

glucuronide. The precipitation is of course inhibited by homo. Jfo Ou5 

galacturonide. 
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Evidence has been presented indicating that the active acidic groups 
of bacterial carbohydrates and the free amino groups of antibody arc 
involved in the specific precipitation of homologous immune protein 
(9). Similarly, the precipitation of glucuronic and galacturonic acid 


TABLE VII 


Inhibition of Precipitin Reactions of Acid Azoprotein Antigens in Antipneumoccccus 

Horse Scrum Type III * 


Test antigen used 
(1:5000) 

0.9% NaCl 

0.2 molar inhibiting substance 

Result 

/> -Amino- 
benzyl 
glucuronide 

£ -Amino- 
benzyl 
gahetu- 
ronide 

Amino- 

benzene 

sulfonic 

add 

£ -Ami no- 
benzene 
carboxylic 
odd 

OJ cc. 

cc . 

cc. 

cc. 

cc. 

cc. 


Glucuronic acid- 

0.3 





++++ 

chick 


0.3 




0 




0.3 



+++ 





0.3 


++++ 






0.3 

++++ 

Galacturonic acid- 

0.3 





+ ++ 

chick 


0.3 




0 




0.3 



0 





0.3 


zt 



! 



0.3 | 

0 

Sulfonic add- 

0.3 

1 




+++± 

chick 


0.3 




0 




0.3 



0 





0.3 


0 






0.3 

0 

Carboxylic add- 

0.3 





-f MM 

o 

chick 


0.3 








0.3 



0 





0.3 








0.3 

0 


* 0.2 cc. of antipneumococcus horse scrum Type III used in each test. All 
inhibiting substances used as neutral sodium salts. 


antigens in antipneumococcus horse sera might be attributed to a 
reaction between the acidic groups of the antigen and the basic group, 
of the antibody protein molecule. Artificial aayioteui antigen, 
con tainin g organic add radicals, quite unrelated in chemical com.it . 
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tion to the uronic acids, might likewise be expected to precipitate in 
antipneumococcus horse sera. 

Antigens prepared from />-aminobcnzene carboxylic and sulfonic 
acids, though not reactive in normal horse serum, precipitate in anti- 
pneumococcus sera, as seen from results of precipitin tests given in 
Table VI. The precipitation of these antigens in antipneumococcus 
serum Type III is inhibited indiscriminately by the sodium salt of any 
one of the uncombined acidic derivatives, as the results of the specific 
inhibition tests in Table VII show. The reaction of glucuronic acid 
antigen in the immune horse serum is inhibited, however, only by the 
glucuronide and not by any of the heterologous acid derivatives. The 
precipitation of glucuronic acid antigen in Type III antipneumococcus 

TABLE VUI 

rrccipitin Reactions oj p-Aminobeneene Sulfonic and Carboxylic Acid Antigens in 
Anlipneumoccccus Horse Serum Type III before and after Absorption 
u-itli the Homologous Capsular Polysaccharide 


AnUpneumococcus 
hors* serum 

Type III 

• Test antigen used 

Final dilution ot test antigen 

1:3000 

1:10,000 

Unabsorbed 

^-Amlnocarboxylic add-chick 

+++± 

+++ 


f-Arainosulfonic “ “ 

+++± 

+++ 

Absorbed with SSS 

^-Aminocarboxylic “ “ 

0 

0 

III 

^-Aminosulfonic “ •' 

0 

0 


horse serum may be regarded therefore as approaching more closely 
the homologous reaction. The reaction of all these acid antigens in 
antipneumococcus horse serum Type III (and probably in antisera of 
other types as well) represents a precipitation of antigen and immune 
protein, for precipitation does not occur in normal horse serum, nor in 
immune serum from which the type specific antibody has been re- 
moved by absorption. The results of these tests are given in Table 

The azoprotein antigens containing the galacturonide, or the aro- 
matic acid radicals, possess but one property in common, namely acidic 
groups of divergent nature. It does not appear illogical to assume, 
therefore, that the reaction of these antigens in antipneumococcus 
orse sera represents a neutralization of the charge of basic groups 








202 


CONJUGATED CARBOHYDRATE-PROTEINS. XI 


of the antibody protein by the acid groups of the hapten, followed by 
precipitation. 

In conclusion it should be pointed out that none of the acid azo- 
protein antigens precipitate in antipneumococcus rabbit sera. The 
reason for this is not understood. It is apparent, however, that 
certain fundamental differences exist between the antibodies of the 
horse and the rabbit (10). The great affinity of acid antigens for 
the antibodies of immune horse sera and their failure to precipitate 
in the corresponding rabbit antisera represent another striking 
difference between the immune protein of these two animal species. 

DISCUSSION 

In view of our present knowledge concerning the constitution of 
hexoses (11) and hexose uronic acids (12), it may be stated with fair 
certainty that the ^-aminobenzyl /5-glycosides of glucose, galactose, 
glucuronic acid, and galacturonic acid are pyranosidc derivatives. 
The configuration of these substances can therefore be represented by 
the following formulae in which R signifies the />-aminobenzyl group 
CH 5 C6H4NH 2 . 



^-Aminobcnzj-1 /5-glucosidc p-.\m\r.obcmy\ /3-glucuronide 
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As indicated earlier in this communication, both the glucoside and 
glucuronide have an identical configuration and differ only in the 
grouping occupying the 6th position; this relationship is true also of 
the galactoside and galacturonide. The glucoside and glucuronide 
differ structurally from the galactoside and galacturonide, however, 
in the spatial configuration of the H and OH groups occupying the 
4th carbon atom. In the first communication of this series (6) it 
was shown that in antigens containing simple hexosides a rotation of 
the H and OH groups through an angle of 180° on carbon atom 4 of 
the glycoside radical sufficed to confer a distinct and individual 
specificity upon each. That this is true of the corresponding uronides 
is now evident from the results of the foregoing serological analysis. 
This fact is important, for it undoubtedly finds application in under- 
standing the specificity of the naturally occurring bacterial poly- 
saccharides, which in certain instances contain glucuronic acid, and 
in others galacturonic acid. In a previous study on the specificity 
of artificial antigens containing glucose and glucuronic acid (1) it was 
found that a change in polarity of the terminal grouping of a simple 
carbohydrate suffices to confer a distinct specificity upon each. This 
fact is further substantiated by the results of the present communica- 
tion in which it is seen that antigens containing galactose and galactu- 
ronic acid give rise likewise to antibodies which are specific and show 
no serological crossing. 

That antigens containing glucuronic and galacturonic acids, each 
containing a polar carboxyl group, give rise in rabbits to specific anti- 
bodies, emphasizes anew the fact that the spatial relationship of the 
lesser polar hydroxyl (OH) groups suffices to determine the serological 
specificity of carbohydrates. It should be emphasized, however, that 
in the rabbit the specificity oi the antibody to which these artificial 
carbohydrate-protein antigens give rise is determined in all instances 
by the glycoside radical as a whole and not by any particular grouping 
within the carbohydrate molecule. It appears at first difficult to under- 
stand the precipitation of simple uronic acid antigens in antipneumo- 
coccus horse sera and their failure to precipitate in the corresponding 
immune rabbit sera. It must be remembered, however, that in these 
instances we are dealing with the sera of different animal species, the 
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lnunune protein of which may differ considerably in chemical proper- 
ties. Furthermore we know as yet but little of the structure of the 
pneumococcus polysaccharides in which certain of the hydroxyl 
groups are known to be in chemical combination) whereas others may 
be masked by steric hindrance effects not obtaining in the simple 
monosaccharides. It appears, however, that the antibodies to which 
the polysaccharides give rise, in horses at least, are directed toward 
the molecule as a whole, and toward the uronic acid nucleus as well. 

Antigens containing benzene carboxylic and sulfonic acid radicals, 
quite unrelated in chemical constitution to the pneumococcus poly- 
saccharides, precipitate vigorously in antipneumococcus horse sera 
Types I, III, and VlJLl. These reactions are in each instance inhibited 
non-specifically by the glycosides of uronic acids and by the sodium 
salts of the uncombined benzene sulfonic and carboxylic acids them- 
selves. It is evident therefore that a portion of the anticarbohydratc 
globulin of pneumococcus horse serum is capable of reacting with 
antigens containing acid groups of widely divergent nature. The 
chemical properties of the immune globulin must differ from those 
of the globulin of normal horse serum, for precipitation of these acid 
antigens does not occur in normal serum. The reactive groups of 
the immune protein with which these azoproteins combine, are be- 
lieved to be basic groups which may unite not only with the acidic 
groups of the homologous polysaccharide, but which can combine 
non-specifically with the acidic groups of the azoproteins in question. 
This concept is supported by the results of experiments now being 
carried out, in which it has been found that partial acetylation of the 
amino groups of Type III pneumococcus antibody deprives the latter 
of the ability to precipitate these same acid-containing azoprotcins. 

In conclusion, it should be said that the highly selective immuno- 
logical specificity of bacterial polysaccharides can be understood only 
when a more complete picture of their chemical constitution has been 
gained. 

SUMMARY 

1. Azoprotein antigens containing glucuronic and galacturonic acids 
give rise in rabbits to specific antibodies. The immune sera show no 
serological crossing with antigens containing glucose or galactose. 
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2. The galacturonic add antigen reacts in antipneumococcus horse 
serum Type I in high dilutions. 

3. Azoprotein antigens containing galacturonic acid, benzene 
sulfonic and carboxylic adds precipitate in antipneumococcus horse 
sera of various types but not in normal horse serum. The mechanism 
underlying these cross reactions is discussed. 
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The method for cultivating virus agents which was published by 
Maitland and Maitland (1) in 1928 may be regarded as having pro- 
vided one of the most important techniques now available for the study 
of ultramicroscopic virus agents outside the animal body. In the 
original method, vaccinia virus was induced to multiply in a medium 
consisting of minced hens’ kidney, serum and Tyrode solution. The 
work of the Maitlands was soon confirmed by Rivers, Haagen and 
Muckenfuss (2) and by Eagles and McClean (3). Although no 
fundamental changes have been made in the original technique, minor 
modifications, such as the use of Tyrode solution and tissue alone, the 
addition of animal sera of various kinds and of tissues of different 
origins, have been practiced by many observers. The method has 
also become useful in the cultivation of Rickettsiae by the modifica- 
tion first suggested by Nigg and Landstciner (4), who used tunica 
vaginalis tissue of guinea pigs and guinea pig serum, with or without 
Tyrode solution. 

In both cases, success or failure with the Maitland method has, so 
far, depended largely upon empirical adjustments and modifications of 
minor factors. Both in virus and in Rickettsia cultivation it has been 
found that it was essential to avoid the use of excessive amounts of 
tissue. But although many virus agents can be successfully grown in 
flasks closed with the ordinary cotton plugs, Rickettsia multiplication 
seems to take place best when the flasks are tightly stoppered, pro- 
vided a suitable adjustment is made between culture volume and air 
space. Moreover, a fundamental physiological difference between the 
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growth requirements of the two classes of infectious agents is indicated 
by the fact that, whereas virus growth reaches its maximum usually 
between the 3rd and 4th days, at a time when, according to Rivers, 
Haagen and Muckenfuss, the tissue is still alive, Rickettsia multiplica- 
tion appears to speed up after the 6th, 7th or 8th day when presum- 
ably tissue viability and, consequently, metabolism have come to a 
standstill. The supposed limitation of Rickettsia growth to specific 
mammalian tissue is no longer tenable, since Miss FitzPatrick, in our 
laboratory, has recently obtained growth of the murine organisms in 
Maitland cultures containing embryonic chick tissue with chick 
serum-Tyrode solution. These experiments will be separately re- 
ported. 

No one has so far succeeded in growing any of the virus agents or 
Rickettsiae in cultures other than those prepared by one or the other 
of the "tissue culture” methods. While we do not underestimate the 
importance of the interesting observations of Eagles (5) with tissue 
extracts, it does not seem to us that his experiments can as yet be 
regarded as a successful elimination of the tissue factor from virus 
cultures. The presence of cells is, up to the present time, essentia! 
to any considerable degree of virus or Rickettsia multiplication. And 
since accumulated evidence is strongly in support of the assumption 
that, within the infected body, both these infectious agents multiply 
intracellularly, it is likely that the cells, either directly or indirectly, 
determine the conditions which permit growth. 

The experiments here recorded represent an attempt to deter- 
mine some of the measurable physiological changes which take place 
in Maitland cultures. 

Our work has included the study and correlation of: (a) changes of 
reaction; ( b ) tissue viability; (c) potential developed at platinum 
electrodes, and (4) oxygen utilization. 

We are indebted to Dr. Herald Cox for our original strain of the 
equine encephalitis virus which was used throughout. 


Changes oj Reaction 

The recorded pH values were all determined cotorimetricaUy by use of the 
Clark standards. Within the ranges of pH 7 to pH 8.2 a scale of standard covj 
with phenol red, made up according to the method of Medal* (6), *-* 
Below and above this range the reactions were determined on porct-atn -J*. 
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plates by the use of several overlapping indicators. The measurements may be 
considered accurate within 0.2 pH unit. 


The reaction of the Maitland tissue cultures made with a Tyrode 
solution 1 containing 0.5 gm. of sodium bicarbonate per liter is usually 
about pH 7.4 immediately after filtering and mixing. When serum, 
either chick scrum or horse serum, is added to these cultures in the 
proportion of one part of serum to three of Tyrode, the reaction is 
little changed, but occasionally is slightly less alkaline, pH 7.0 to 7.2. 

When the ordinary small amounts of either chick embryo or minced 
guinea pig tunica are employed, that is, amounts not exceeding 1 drop 
of a moist tissue suspension 5 to not more than 3.5 cc. of fluid medium, 
in open flasks, the initial pH of 7.4 to 7.6 increases within 3 days to 
from 7.8 to 8.4 and higher. In similar flasks, closed, the initial pH 
usually dropped to below 7.0, and on occasion was found as low as 6.2 
to 6.5. 

When two or three times the ordinary amounts of tissue are used, 
both open and closed flasks turn add, ending with final reactions at or 
about pH 6.0. 

Changes in reaction are thus functions of the amounts of tissue 
added and of the freedom with which the produced carbon dioxide can 
escape; that is, whether the flasks are stoppered with cotton or are 
tightly dosed. In flasks tightly stoppered and observed over the 
course of at least 2 weeks, as in Rickettsia cultivation, the initial pH 
of 7.4 to 7.6, after a temporary slight rise of alkalinity on the 3rd or 
4th day, usually falls to about pH 7.0, rarely below this. It is quite 
probable that this relatively slight change, in spite of the closure of 
the flasks, can be accounted for by the fact that the amounts of tissue 
used in Rickettsia cultures are invariably small and that guinea pig 
tunica tissue is metabolically less active than embryonic chick tissue. 

The growth of equine encephalitis virus in chick embryo Maitland 
cultures usually leads to a relatively high alkalinity within 3 days, 
owing, we believe, to the fact that the tissue is partly killed and its 
C0 2 production thereby interrupted. 


n Tyroife solutions used contained NaCl 8.0, KC1 0.2, CaCI, 0.2, McCh 
i °' 05, ^ aHC0 » °- 5 or 1.0 for typhus, glucose 1 gm., 1000 H-O. 

ni( ltlis amount of tissue corresponds approximately to 0.16 to 0.18 mg. of total 
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TABLE I 

Viability of Chick Tissue in Maitland Cultures* 

The following tabulation is compiled from a great many experiments carried 
out in the course of our work. We have not tried to complete it systematically, 
since the general averages here given gave us the information we desired to 
correlate viability with other factors. 


Description 

Opened or closed 

Period of viability 
of tissue 

Aura sc final 
reactions 

In Tyrode solution alone 





Culture optimum amounts of 

Cotton stoppers 

Usually 6 days 


tissue 




pH 7.8-S.O 

Culture optimum amounts of 

Rubber 

tt 

Rarely 6 days 

pH 68-7.2 

tissue 

Larger amounts of tissue 

Cotton 

tt 

3 to 5 days, de- 

Approaching 




pending on 
reaction 

pH 6.0 

Chick serum-Tyrode 1 to 5 




pH 7.8 

Culture optimum amounts of 

It 

it 

6 days 

tissue 

Culture optimum amounts of 

Rubber 

tt 

4 to 5 days 

pH 7.0-7.2 

tissue 

Larger amounts of tissue (3 

Cotton 

tt 

Dead on 3rd 

pH 5.8-6.0 

times above) 



day 

pH 7.8-8 0 

Culture amounts with virus 

tt 

tt 

2 to 3 days 

Horse serum-Tyrode I to 3 



Up to 4 days 

pH 7.0 

Culture amounts chick tissue 

tt 

tt 

Culture amounts chick tissue 

It 

tt 

Up to 3rd day 

pH 7.4 

with virus 



slight growth 


Fresh tissue, “old" Tyrode 

it 

it 

At least 3 days 

p H 6.3-6 8 

Old tissue, new Tyrode 

It 

it 

6 days (total) 

Alkaline 

Tissue heated 50°C. for 10 min. 



No growth 



In almost all cases in wmen wwi ' „ - ,. , 

either grew in only a few of the spots or not at all. Alkalinity, even up to 9.6, d. 

not kill tissue. , . . , . . „ , 

* Viability was determined by "spotting” pieces of tissue in heparinized ch.czen 

plasma in sealed Petri plates. 

In a later section, it will be seen that the viability of tissue may 
persist in spite of shifts to the alkaline side up to and above pH b.J. 
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In two cases, tissue plants showed some growth when taken from a 
flask having a final reaction of pH 9.6. React.ons approaching pH 6 0 
are more unfavorable for tissue survival. Observation of changes 
reaction suggest that the empirically observed necessity of avoiding 
excessive amounts of tissue in the Maitland technique depends upon 
excessive shifts to the add side. It is not impossible that larger and 
more rapid yields of virus might be produced if cultures could either 
be buffered or daily readjusted with small amounts of alkaln The 
favorable effect of reasonable amounts of serum may be partially a 
result of its buffering effect. Experiments in these directions have 
not yet been completed. 


Determinations of Potential Changes in Tissue Cultures 
Recent years have led to considerable interest in biological electrode 
potentials, and a great many publications dealing with this subject in 
the study of bacteria have appeared during the last 5 years. The 
literature has been summarized by Hewitt (7), and the subject in 
general has been discussed by Clark (8). It has been suggested by 
Plotz (9), that potential changes in such cultures may play an im- 
portant role in the multiplication of virus agents. It was largely, 
indeed, as a result of a discussion presented at our laboratory by Dr. 
Plotz that our interest in this matter was aroused. Plotz based his 
views to a great extent on the work of Wurmser (10) and on the 
possibility, presented by the studies of IVurmser and Geloso (11), that 
potentials might be stabilized at various levels by the use of the glu- 
ddes” produced by the anaerobic heating of alkaline sugar solutions. 

It seemed desirable, therefore, to study this factor and to develop a 
method for the study of electrode potentials in Tyrode tissue mixtures, 
with and without serum, in which the conditions established resembled 
as much as possible those prevailing in the ordinary Maitland tech- 
nique. 


We arc aware of the fact that the interpretation of recorded results in terms of 
chemical exchange or the transfer of energy must be left for specialists. But we 
felt nevertheless that a beginning in such studies must be made by bacteriologists 
familiar with infectious agents and cultural methods, and that adaptation of the 
relatively simple methods of potential measurement to a sterile cultural technique 
represented a bacteriological problem. We are indebted to Professor Baird 
Hastings for much advice and helpful criticism. 
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It was necessary to devise a method in which the variable factors 
should be reduced to a minimum and which permitted the observa- 
tion of cultures under sterile conditions during periods corresponding 
to those necessary for virus multiplication, that is, 3 or 4 days. We 
decided to attempt to make direct electrode measurements instead of 
using the dyes available for similar purposes, chiefly because of the 



possible toxicity of these substances and their consequent inter 
ference with growth. 


A satisfactory technique was eventually based on the construction of the 
special flasks illustrated in Fig. 1. The side arms of these flasks were stoppered 
with cotton and two or three curled platinum wire electrodes introduced, throe,.. 


lUUlLUllUUUliU muvi J . . 

the cotton stoppers. The flasks were then wrapped in paper and subject*, to 


>1 '*/ 


3 Two or three electrodes were used in every fcu>k and experiments ti.ro' v. v c 
in which serious discrepancies between individual electrodes were observed. 
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sterilization. Just before setting up the experiments, 4 per cent agar m distilled 
water, containing 2 per cent potassium chloride, was carefully introduced into the 
long, bent arm of each flask with a sterile syringe to which a small piece of rubber 
tubing with pinch cock was attached. In order to further insure sterile manipula- 
tion, the agar was put in while still very hot and run as far as the joint between 
the bottom of the flask and the bent arm, up to the funnel-shaped aperture con- 
necting the two. The flask was then held steady until the agar hardened. Shrink- 
age during cooling was allowed for in the filling, the object being to permit free 
contact between the agar bridge and the culture material. The electrodes were 
adjusted so that they came as close as possible to the bottoms of the flasks without 
touching them. Hot paraffin was then run into the cotton stoppers holding the 
electrodes, so that these might be held firmly in place during the experiment. 
Finally, the tissue cultures to be studied were run into the open side arms under 
sterile precautions. These flasks, usually in pairs, experiment and control, were 
then set up in a water bath so that the bottoms of the flasks were covered with 
water at 37°, and the arms holding the agar bridges, — turning over the edge of the 
water bath, — were immersed in a saturated potassium chloride liquid junction in 
which was also immersed the connection of a 0.1 N calomel half-cell at the times 
when readings were taken. The electrodes were then connected in the usual way 
with a potentiometer which was the Leeds and Northrup type 7665A and a 
galvanometer which was the Leeds and Northrup type 2420C. The potenti- 
ometer was calibrated to 0.5 millivolts and the galvanometer had a current sensi- 
tiveness per unit scale of 0.025 micro amperes which registered 0.25 millivolts with 
10,000 ohms resistance. The standard cell and the 0.1 N calomel cell were stand- 
ardized for us through the courtesy of Dr. E. J. Cohn. The value of the calomel 
cell has been taken as 0.338 v. This value when added to the determined potential 
Ei gives the potential referred to the normal hydrogen electrode and designated Eh . 

The adaptation of an apparatus of this kind to tissue culture study of course 
necessitated the introduction of a number of factors which might easily lead to 
inaccuracy. Moreover, it was necessary for obvious reasons to use an isotonic 
KCl-agar bridge and to immerse this in a saturated K.C1 liquid junction. Another 
possible source of error was tfiereby introduced. In order to guard against gross 
inaccuracies the apparatus was checked by a quinhydrone half-cell at a known 
hydrogen ion concentration, placed in one of the described flasks and set up under 
the standard conditions of our experiments. This control showed a variation 
from the theoretical so slight that we felt confident that it was negligible in 
compariso n with the range of variations obtained in actual experiment. 4 


r. Hastings, who has been kind enough to go over this paper for us, advises 
emp asts upon the point that these potential measurements are not to be confused 
Wlt ,. ! 10se * oun 4 Ij 1 reversible oxidation-reduction systems under anaerobic 
conditions. They differ essentially in that they were made under a tension of 
oxygen approaching that of air in a fluid medium containing various enzymes 

? tCS * Ab '°! Ute values are not oi bein E ^ven physicochemical 

interpretation, certainly not by the writers. 
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In the accompanying charts, we indicate some of the results of our 
potential measurements. We may summarize the results of these 
experiments in the following way. _ 

Potential Measurements in Cultures Containing Embryo Cluck 
Tissue . — In mixtures of embryonic chick tissue and Tyrode solution, 
there is invariably a rise of potential in the order of from 80 to 110 
millivolts, which flattens out in from 40 to 60 hours. In these mix- 
tures the initial potential (E,) is usually negative at the beginning, 
within the range of -0.100 to -0.040 millivolts. These figures, 
however, were subject to considerable variation, probably owing to 
differences in amounts of tissue and intervals between making of 
cultures and first readings. It is nevertheless certain that initial 
potentials were always relatively low and that the trend was always 
upward toward the positive. 

Such rises of potential, were observed both in cases in which the 
actual reaction rose from pH 7.4 to pH 8.6 and in those in which there 
was a fall of pH from 7.4 to approximately 6.4. For these reasons, it 
may be inferred that the rise of potentials was not directly due to 
reaction changes, though the actual potential levels were of course 
affected. 

Tissue heated to 50° for 10 minutes, though no longer supporting 
virus growth, showing little oxygen utilization and no longer viable in 
plasma cultures, always exhibited a definite rise of potential similar to, 
though usually somewhat lower than that apparent in the cultures 
with unheated tissue. 

In a considerable number of experiments in which chick tissue- 
Tyrode cultures inoculated with equine encephalitis virus were com- 
pared with uninoculated flasks, the virus appeared to lower the level 
of the final potential, but not to suppress the rise entirely. An exam- 
ple of such an experiment is the following : 

Experiment. Two "potential’' flasks o! chick embryo tissue in appropriate 
quantities in 6.0 cc, chick serum-Tyrode. 

Flask 2.— Inoculated with virus. Rise of potential 122 millivolts in 36 hours 
Final pH 6.9. 

2 '~ V ' tUS ' of P otent ‘ a1 ’ 189 millivolts. Final pH 7.2. 

, ‘k'unoculation of the virus flask was made from a titrated culture in such a way 
..!} .‘ nitl . al con «ntration of virus was less than 10-*. The final titration was 
m , indicating not only survival but increase of the virus. 
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Since it was found that the equine encephalitis virus would grow 
almost as well in chick tissue-horse serum-Tyrodc mixtures as when 
chick serum was used, comparative potential measurements were 
made in which chick tissue-horse serum mixtures were compared with 
similar flasks containing chick serum instead of the horse serum. The 
usual rise of potential was observed in the horse serum mixtures, 
though it started at a lower level and did not rise as high as in the 
controls. 

Since our respiration measurements and viability tests seemed to 
indicate that the gradual diminution of tissue activity in Tyrodc 
solution did not depend upon accumulation of inhibitory products of 
metabolism, we carried out a number of potential experiments in 
which “old” Tyrode solution which had been incubated with chick 
tissue for 3 days was used as a menstruum for fresh tissue in a potential 
experiment. As was to be expected, since our method directly meas- 
ures the potential of the fluid and not that of the suspended tissue, 
the potential in these cases started high and continued to rise another 
70 millivolts within the next 3 days. It is interesting in this connec- 
tion to consider the fact that such “old” Tyrode still contained about 
50% of its original sugar content, calculated without allowance for 
slight concentration by evaporation. 

A converse experiment in which new Tyrode was added to old tissue 
showed that the potential starts at the usual low' level and rises in the 
ordinary way. 

We may conclude from these experiments that, unlike cultures of 
many bacteria, mixtures of physiological fluids and living cells as used 
for virus and Rickettsia cultivation regularly exhibit considerable rises 
of electromotive potential within the first 3 days of observation, and 
that these changes are not purely functions of changes of hydrogen 
ion concentration. As a rule, such rise of potential is complete 
between the 40th and the 90th hour, stabilizing at about the point at 
■which respiratory' exchange practically stops. 

Since cultures heated to 50° for 10 minutes, which no longer utilize 
oxygen to any extent, support neither virus nor Rickettsia growth and 
contain no viable cells, still exhibit a definite rise of potential, it ..eems 
not unreasonable to assume that such changes of potential arc not th- 
sole determining processes in either virus or Rickettsia cultivation, 
though of course they may be contributory factors. 
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exchange, and Rickettsia growth appears to speed up after these 
changes have become stabilized, and the cells are either no longer 
viable, or are at any rate in a state of reduced metabolic activity. 


Experiments on Respiration 

The method used for the determination of tissue respiration was 
carried out with the Warburg modification of the Barcroft-Haldane 
microrespirometer. 

Flasks were used which had central wells to contain potassium hydroxide for 
the absorption of carbon dioxide. The directions given in the book on mano- 
metric methods by Dixon (12) were followed in the mercury standardization of 
volumes and for the calculation of respiratory quotient and oxygen utilization. 
Brodie’s solution, made up by the original formula described by Warburg, was 
used. The density of this, as determined for us in the laboratory of Dr. Edwin 
Cohn, was 1.03094. 

Since it was necessary to work in a sterile manner, the small flasks, with curled 
bits of Whatman starch-free No. 40 filter paper placed in the central KOH reservoir 
and stoppered with cotton, were subjected to autoclave sterilization and dried. 
The Tyrode solution or Tyrodc-serum mixtures were run into the bottom of these 
flasks under sterile precautions with slightly bent pipettes, and the tissue was 
added in a similar manner. The ground glass joints of the manometer were then 
flamed with a Bunsen burner and greased with sterile anhydrous lanolin before 
the flasks were attached. In later experiments, the closure was reinforced with 
paraffin. With a little practice, this method resulted in sterile runs. The volumes 
of fluid used were 2 cc., but absolute uniformity of amounts of tissue were not 
attempted in the interests of sterility. The large number of comparative experi- 
ments carried out insured against errors of principle from this source. Type 
experiments are charted in Figs. 3 and 4. 


We may summarize the results of a great many experiments as 
follows: 

Oxygen Utilization of Chick Tissue in Tyrode Solution .— When chick 
tissue was added to Tyrode solution in amounts approximately equiva- 
lent to those used in tissue cultures, the oxygen uptake amounted in 



218 


PHYSIOLOGICAL CONDITIONS IN TISSUE CULTURES 



Fig. 3. Respiration of chick tissue. Curve 1, chick tissue in Tyrodc alone. 
Curve 2, chick tissue in chick serum-Tyrode. Curve 3, chick tissue in horse 
serum-Tyrode. Curve 4, chick tissue in chick serum-Tyrode inoculated with 
equine encephalitis virus. Curve 5, chick tissue, heated to SCFC. for 10 minutes, 
in Tyrode alone. 

rough averages to from 90 to 100 cm of oxygen in from 70 to 80 
hours. About 70 per cent of this uptake usually took place within the 
first 40 hours, at which time the oxygen uptake rapidly began to 
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decline, approaching a constant level of not more than about 3 c. mm. 

Pe Si 2 nce h °of r mume'lnthe Warburg apparatus, the carbon dionde is 
removed by the KOH and the cultures rapidly become aUmlme,it wa 
necessary to determine whether the oxygen uptake under these cm 
cumstances was similar to or different from that taking 
kept in an incubator. To ascertam this, a senes of cultures w 
incubated as usual and put into the Warburg apparatus after 40, 60 



Fig. 4. Respiration of guinea pig tunica. Curve 1, guinea pig tunica in 
guinea pig serum-Tyrode. Curve 2, guinea pig tunica in guinea pig serum* 
Tyrode after heating to 50°C. for 10 minutes. 


and 90 hours, respectively. The oxygen utilization in such flasks 
was then compared with corresponding rates observed at analogous 
times in Warburg flasks put into the respirometer from the beginning. 
It was found that the results of such “staggered” determinations 
corresponded approximately to those of the continuous experiments 
at the analogous times. Our measurements could thus be taken to 
represent the approximate oxygen utilization occurring in tissue 
culture flasks incubated in the ordinary way. 

After respiration had ceased, a change of Tyrode solution, while 
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slightly stimulating renewed respiration, did not lead to complete 
resuscitation. Spot cultures in plasma showed the tissue to be still 
viable after 96 hours, the point at which the Tyrode was renewed. 

Comparative respiration experiments on tissue cultures in Tyrode 
with and without chick serum showed the following results. 



Chick serum-Tyrode* 

Tyrode a!one 


c.nn. 

c.rtn. 

First 15 hrs 

37. 3f 

23.0 

24.9 

8.1 

Next 15 hrs 



* Controls with serum-Tyrode mixtures without tissue were always observed 
together with tissue experiments, and corrections made. Since in some of these 
experiments the presence of dissolved hemoglobin was a disturbing factor, the 
experiments recorded are only those in which visible hemolysis was absent. 
Barometric controls, always made, are omitted in the tables, 
t Expressed as cubic millimeters of O2 at n.t.p. 


It would thus appear that respiration of tissue in Tyrode with 
homologous serum continued more actively into the 2nd day than 
when no serum was present. 


The effect of glucose was similarly investigated. 


Tyrode with glucose , 

Tyrode without glucose 


e.mrt. 

24.9 

c.nr%. 

1 1.6 

Next 15 hrs 

8.1 

1.2 


In this experiment it appears that the glucose is an important cle- 
ment in respiration. This is particularly interesting in connection 
with the fact that not more than 50 per cent of the glucose added to 
the Tyrode solution appears to be utilized within the 3 day cultivation 
which is the usual period. 5 

Since it was found that heterologous serum added to chick tissuc- 
Tyrode mixtures neither killed the cells nor inhibited virus and 
Rickettsia growth, comparative respiratory experiments were done >n 

s We are indebted to Dr. Allan Butler of the Children’s Hospital for the 
quantitative sugar determinations. 
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which chick serum-Tyrode mixtures were compared with horse serum- 
Tyrode mixtures. 


Oxygen Utilization . — 


Period 

Chick tissue, 
chick serum 

1 Chick scrum, 
no tissue 

Chick tissue, 
horse serum 

Horse serum, 
no tissue 

H 

e.jnm. 

c.mm. 

V /J|M 

c mm. 


33,5 

3.7 


6.9 


10.08 

Spoiled acd-j 
dentally j 


1.4 


It thus appears that the respiration of chick tissue can go on as well 
in the presence of horse serum as in the presence of chick serum. 
From a series of runs of chick tissue in horse serum, we have the im- 
pression that the horse serum stimulates rather than inhibits oxygen 
utilization. This, however, is not certain, owing to the occasional 
quantitative discrepancies in amounts of tissue. More accurate 
quantitative methods would be necessary to make sure of this. 

Comparative respiration experiments were then carried out in which 
the ordinary amounts of tissue were compared with amounts greater 
than those favorable for virus or Rickettsia cultivation. These 
showed that, although the larger amounts of tissue had an increased 
oxygen uptake in the first 10 hours, roughly approximating the pro- 
portion existing between the amounts of tissue added, the oxygen 
utilization was about the same in the two flasks between the 26th and 
the S8th hour. 


Since tissue heated to S0°C. for 10 minutes is neither viable nor 
supports Rickettsia or virus growth, such material was also subjected 
to respiration experiments in Tyrode solution. Controls were made 
™ Tyrode alone. It was found that heated tissues still take up 
sma amounts of oxygen, not, however, amounting to more than 
abou 16 c.mm. in the first 30 hours. Heating to 60°C. practically 

in utlUzation - ^ accident * n °ne of our experiments 

hi h the temperature of the water bath rose to 42°C. for several 

carina theext^ “ t” 03 * ““P 1 ® 46 arrest of utilization, indi- 
tmg the extreme heat sensitiveness of the respiratory mechanism. 

bST oLT’"' Carried 0Ut With Euinea Pig tunica tissue in 
guinea p,g serum, one part, and Tyrode solution, three parts gave 
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results similar in principle, though actual amounts of oxygen utilized 
were proportionately less with guinea pig than with chick tissue. It 
is particularly important to note that the active oxygen utilization in 
the guinea pig tissue experiments was practically over after about 30 
hours, and usually ceased at the end of 45 hours. SO to 90 per cent 
of the oxygen was taken up in the first 30 hours. Thus, since Rickett- 
sia accumulation in these cultures is never apparent before the 6th, 7th 
or 8th days, it is clear that in the case of these organisms the condi- 
tions for growth are established at a time when tissue metabolism has 
practically come to a standstill. The virus and Rickettsia problems 
are, therefore, quite distinct in principle, though the Maitland method 
is used in both cases. 

Respiration experiments in which comparisons in oxygen utilization 
between normal and virus-inoculated tissues were made were not 
entirely satisfactory because of technical difficulties. In three sepa- 
rate runs, however, such experiments have indicated a suddenly 
enhanced oxygen utilization in the infected tissue between the 30th 
and the 40th hour. 

Summarizing our respiration experiments, we may say that the 
period of virus growth corresponds roughly to that during which the 
tissue is respiring and remains viable. The growth of Rickettsia, on 
the other hand, seems most active at periods when the tissue has 
ceased respiring and is either not viable at all or has lost much, pos- 
sibly all, of its metabolic activity. This fact alone, if any further 
evidence were necessary, distinguishes the Rickettsia biologically from 
the virus agents. 


DISCUSSION 

The purpose of the experiments here recorded was to analyze some 
of the conditions prevailing in tissue cultures in the hope of thereby 
gaining insight into the physiology of virus and Rickettsia gro..th. 
The Maitland method was selected for analysis because it has become 
the basic technique for most "virus cultivation, and has been succc- j 
fully modified for the cultivation of Rickettsiae. 

In regard to changes of reaction, our experiments indicate that these 
are determined chiefiv by the proportion of tissue amounts to total 
volume of cultures and the degree to which the formed carbon dio xm 
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is confined or allowed to escape. When the small amounts of tissue 
which have been found suitable for virus and Rickettsia cultivation 
are used in open flasks, the reaction becomes alkaline, changing from 
an initial pH 7.4 to pH 8.0 and higher by the 3rd day. In similar 
flasks, tightly stoppered, as is customary in Rickettsia cultivation, 
where the formed carbon dioxide is retained, the initial reaction of 
pH 7.4, after a preb'minary alkalinity, becomes slightly more add, 
averaging pH 6.8 to 7.2 by the 8th or 9th day. 

When larger amounts of tissue are used, even in open flasks, the 
reaction becomes add, reaching or even surpassing pH 6.0 within a 
few days. Tissue viability tests have shown that even at reactions as 
high as pH 9.0 and over, the tissue cells may remain viable, whereas 
reactions approaching pH 6.0 rapidly injure the cells. 

In cotton-stoppered flasks, with the amounts of tissue and Tyrode 
solution customary for virus cultivation, the presence of virus appears 
to hasten and increase the development of alkalinity, probably because 
the tissue is killed and carbon dioxide production ceases. 

These observations suggest among other things that the failure of 
virus growth in the presence of excessive amounts of tissue is due to 
rapid inactivation of tissue metabolism by the development of aridity. 
It is not impossible that more rapid and more plentiful virus growth 
may be obtained with large amounts of tissue if the reaction can be 
successfully buffered. 

Measurements of electromotive potentials in Maitland cultures 
have consistently indicated that there is a rise of 100 millivolts or 
more in the course of 72 to 96 hours, after which the potential stabilizes 
at levels usually in the neighborhood of Eh +0.420 (E, +0.082). 
There is reasonable agreement between the slowing down of active 
respiration and potential stabilization. 

When Tyrode solution is removed from tissue flasks at the end of 2 
or 3 days and used as a menstruum for fresh tissue in a special potential 
flask, the E t values start at the high point and rise still higher in the 
course of 24 hours. 

Potential rises are highest in chick tissue-Tyrode mixtures without 
serum. The addition of either chick or horse serum diminishes the 
upward excursion of the potential. 

Heating tissue to 50°C. for 10 minutes, a procedure which destroys 
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the viability of the cells and renders them unsuitable for cither virus 
or Rickettsia cultivation, does not prevent considerable rise of poten- 
tial. This fact seems of importance, in view of the suggestion of other 
investigators that potential levels are determining factors in virus 
cultivation. From our own experiments, we are inclined to assume 
that while the potential rise is an incidental and possibly important 
factor, it is not the determining one in virus tissue culture. 

In regard to an analysis of the conditions which determine the 
described changes of potential, we are confronted with a problem 
involving analysis of the individual enzyme systems, a question which 
can be approached by the technique we have used, but which must be 
left to investigators more highly trained than the writers in this type 
of work. 

Our respiration studies have shown that oxygen utilization goes on 
most actively in the first 40 hours, and then gradually declines up to 
70 to 80 hours, when it practically comes to a standstill. Respiration 
is a little more active in the presence of cultures containing serum than 
it is in those containing Tyrode solution only. Chick tissue may 
respire actively in an heterologous serum, i.e., horse scrum; and in 
such heterologous serum cultures, the equine encephalitis virus grows 
almost as well as in Tyrode solution alone or in chick serum Tyrode 
cultures. When tissue is heated to 50°C. for 10 minutes, oxygen 
utilization is not completely stopped, but sinks to a very low level. 
Temperatures of 42°C. for several hours may materially injure the 
respiratory mechanism. 

An experiment in which comparative respiration measurements were 
made between flasks containing (a) fresh tissue and fresh Tyrode, and 
(b) fresh tissue and “old” Tyrode (the latter previously incubated 
with tissue for 3 days and separated by centrifugation), showed almost 
equal oxygen uptakes in the course of 65 hours. This tends to indicate 
that the cessation of respiratory activity is due neither to the exhaus- 
tion of nutritional material in the liquid menstruum, noj to the 
accumulation of metabolites, but is referable to changes taking pLce 
in the cells themselves. 

It is interesting to note that only about 30 to 40 per cent of the 
glucose contained in the cultures is used up, yet experiments comparing 
g]ucose-irce with glucose-containing flasks indicated the importance 
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of the sugar for respiration. The amount actually used would have 
required for its consumption two or three times the amount of oxygen 
utilization recorded in the respirometcr measurements. It seems 
necessary to conclude from this that a part of the glucose is metabo- 
lized by some process in which oxygen takes no part. We have per- 
formed no anaerobic respiration experiments. 

It seems apparent from our experiments that the growth of a repre- 
sentative virus agent in Maitland cultures is roughly parallel to the 
metabolic activity of the tissue cells in the cultures. The fact that 
respiration practically ceases about 1 2 to 24 hours before the maximum 
virus titre is found in the fluid may be due to the period required for 
the extrusion of the virus agent from the disintegrating cells. The 
decline of virus titre habitually observed on the 4th, 5th and 6th days 
indicates that the virus not only does not multiply when the cells 
have ceased metabolizing, but that it deteriorates in the presence of 
cell disintegration. Mere setting of potentials in cell-free media docs 
not appear to promise solution of the problem of virus cultivation. 

Although the general methods are alike for in vitro cultivation both 
of many virus agents and of Rickettsiae, the respective physiological 
conditions determining growth in these cases seem to be quite different. 
In contrast to the parallelism in time between virus multiplication 
and tissue viability and activity, the growth of Rickettsiae appears 
to be delayed until tissue metabolism has stopped, determinable 
viability is over and the system has come to some sort of equilibrium. 
We have found that Rickettsiae can be grown on tissue cultures which 
are not inoculated until after a preliminary incubation of 3 or 4 days. 
Nevertheless, even in such cultures, the Rickettsiae invade and 
multiply in the presumably inactive cells. While, therefore, the 
Rickettsiae, unlike virus agents, do not depend on the vital activities 
of the cells, they still appear to require conditions established within 
the inactive cells before cytoplasmic deterioration has made much 
progress. 


SUMMARY 

An analysis of some of the physiological factors active in Maitland 
tissue cultures has been presented in the hope that it may be of some 
value in clarifying the principles underlying tissue cultures in general. 



226 


PHYSIOLOGICAL CONDITIONS IN TISSUE CULTURES 


It has been found that the empirically determined necessity of 
using relatively small amounts of tissue in such cultures is dependent 
upon the fact that excessive tissue leads to a rapid change of reaction 
toward the acid side. Whereas tissue may remain viable in an en- 
vironment as alkaline as pH 9 and over, viability is rapidly' destroyed 
when the reaction approaches pH 6. 

Evidence is presented to indicate that the changes in electrode 
potentials which take place in Maitland cultures are not, as has been 
suggested, the determining factors upon which virus multiplication 
depends, although they' may, of course, be incidentally important. 

It has been shown that there are fundamental differences between 
those conditions in Maitland cultures which favor the multiplication 
of a typical virus and those upon which the growth of the Rickettsiae 
of typhus fever depends. 

The virus which we have studied (equine encephalitis virus, western 
type) multiplies during the period of active tissue metabolism. The 
maximum virus titrations are obtained at about the time at which 
metabolism has come to a standstill. Thereafter the virus not only 
ceases to increase but rapidly deteriorates. The period of viability 
of the tissue cells themselves is shortened by several days in the 
presence of virus multiplication. There is some evidence that a 
temporary' acceleration of oxygen uptake takes place during the time 
of active virus multiplication. Technical difficulties in controlling 
such experiments prevent certainty in regard to this point. 

In contrast with the conditions determining the growth of a virus 
agent in the Maitland cultures the multiplication of Rickettsiae docs 
not begin to any determinable extent until after active cell metabolism 
has either become stabilized or has ceased. The Rickettsiae continue 
to grow at a time when the cells are no longer viable. It appears 
likely that these organisms find the most favorable conditions for 
growth in cells which are no longer metabolically' active but in which 
some delicately heat-susceptible elements have not yet been disturbed. 
As a consequence of these observations, frozen and preserved embry 
onic tissues have been successfully used for Rickettsia cultivation.. A 
report on these experiments will be made in a separate communication. 
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In earlier papers there has been outlined a quantitative theory of the 
precipitin reaction and its application to hapten-antibody systems in 
horse and rabbit antisera (1, 2) and to antigen-antibody systems in- 
volving a dye protein (3) and crystalline egg albumin (4). It was 
shown that if the combination of antigen or hapten were considered 
to take place in a series of bimolecular competing reactions between 
multivalent antigen and antibody, simple equations expressing in 
several instances the entire course of the precipitin reaction could be 
derived from the law of mass action. 

These equations were of the type 

R* 

Antibody N precipitated *=» 2 R Sa N ; (Sa N)* U] 

A 

m which R is the ratio of antibody nitrogen to serum albumin 1 nitrogen at a refer- 
ence point in the equivalence zone, Sa N is the amount of antigen nitrogen or 
hapten added, and A is the amount of antibody nitrogen precipitated at the refer- 
ence point. By dividing through by Sa N the equation 

Antibody N . , R* 

- — — in the precipitate = 2 R — — Sa N [2] 


* The work reported in this communication was carried out under the Hark- 
ness Research Fund of the Presbyterian Hospital, New York. Submitted by 
Elvin A. Rabat in partial fulfilment of the requirements for the degree of Doctor 
of Philosophy, in the Faculty of Pure Science, Columbia University. 

Referred to throughout as Sa. 
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is derived. This is^the equation of a straight line and permits evaluation of the 
constants 2R and — , hence also A, for any given serum. 

An empirical relation obtained (3, 4) by plotting in the precipitate 

against the square root of Sa N added yielded in some instances an even closer 
approximation to a straight line than that obtained by [2], The equation of this 
line is 


- «■ - * ,,/HIiI u, 

in which 3R" is the intercept on the y-axis and QlQ ; s the 

slope of the line, A = the maximum precipitable antibody nitrogen, and R' « 
the antibody NrSa N ratio at the maximum. For example, for scrum 3.69j, if the 
equation of the best line obtained by plotting the ratios of antibody N: Sa N in 
the precipitates against the square root of added Sa N be multiplied by Sa N, 
the resulting equation describing the behavior of the serum is 

mg. antibody N precipitated =» 22.4 Sa N — 45 (Sa NT' 5 [<! 

The present investigation of the precipitin reaction between crystal- 
line horse serum albumin 1 and the homologous antibody formed in 
the rabbit was undertaken in order to study the mechanism of a 
precipitin reaction involving a relatively easily purified scrum con- 
stituent as antigen. It was thought that a quantitative study of this 
nature might serve as a starting point for the investigation of chemical 
and immunological relationships between corresponding proteins of 
different species. Taylor, Adair, and Adair (5) have also made obser- 
vations on this reaction and found a zone in which both components 
appeared in the supernatant. This was ascribed to the presence oi 
several components in the crystalline serum albumin, one of which was 
later shown by Goldsworthy and Rudd (6) to be globulin. 

In the present work comparatively small injections of serum 
albumin were given and antisera were obtained which were relative.} 
free from antiglobulin. In these sera neither antigen nor antibody 
could be detected in equivalence zone supernatants, as in the systems 
previously studied. An antiserum like those studied by 
Adair, and Adair (5) was obtained from a rabbit which had Inez 
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subjected to prolonged immunization and it was shown that anti- 
globulin was present in large amounts. 

A preparation of R-salt-azo-biphenyl-azo-crystelline serum albumin 
was also prepared according to (7) . The reactions of this dye protein 
with homologous antisera and antisera to crystalline serum albumin 
are also included. 

EXPERIMENTAL 

The crystalline serum albumin used in this communication was prepared ac- 
cording to (8) and was crystallized three times. For injection the material was 
precipitated with alum by adding I per cent alum and partially neutralizing with 
very dilute NaOH until precipitation was at a maximum. The suspensions were 
adjusted to a concentration of about 0.8 rag. of serum albumin per ml. in saline 
containing 1 : 10,000 merthiolate. 5 Rabbits were given intravenous injections of 
the suspension four times a week for 4 to 6 weeks, using a total of 20 to 40 mg. of 
protein per rabbit. Sera obtained after a second course were usually of higher 
antibody content. Appreciable amounts of antiglobulin were found only in the 
later bleedings of rabbit 3.68, which received 229 mg. of Sa. 

Quantitative precipitin determinations were carried out as described in previ- 
ous papers of the series. Nitrogen estimations on the washed specific precipitates 
were made by the micro Kjeldahl method. As noted in (4), it was occasionally 
necessary to centrifuge supernatants a second time, especially in the equivalence 
zone in which the precipitate tends to be loosely packed. 

As in (4), it was assumed that supernatants which failed to react with anti- 
Sa serum in the excess antibody region and equivalence zone actually contained 
no Sa, since the test for Sa with homologous antibody is extremely delicate, and 
any soluble Sa-A compound formed would have to be extremely slightly dissociated 
to escape detection. Moreover, when soluble compounds are present, as in the 
inhibition zone, they are precipitated when fresh antibody is added. In the 
region of antibody excess and in the equivalence zone, therefore, N was calculated 
by subtracting the Sa N added from the total N found in the precipitate. 

In Table I are given the effect of temperature and volume changes 
on the amount of specifically precipitable nitrogen. The solubility 
of the Sa specific precipitate is about 0.006 mg. N per ml., a value close 
to that of 0.005 mg. N per ml. found for the solubility of the egg 
albumin specific precipitate (4). Only very slightly more N was 
precipitated at 0°C. than at 37°. 

Table II shows the result of adding increasing amounts of Sa to a 
constant volume of antiserum and also gives a comparison of the ex- 
perimentally determined values with those calculated from equations 
■ Kindly presented by the manufacturers, Eli Lilly and Company, Indianapolis. 
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[1] and [4]. Since inhibition occurred with small increments of $3 
after the maximum had been readied, it was not feasible to derive 
equations describing the limited region of maximum antibody precipi- 
tation. 

In the region of slight antigen excess, Sa was determined by adding 
an aliquot portion of the supernatant to a measured volume of a 
calibrated serum, estimating the total N precipitated, and reading off 
the corresponding amount of Sa N from the total N curve of the 


TABLE I 

Influence of Temperature and Volume on Nitrogen Precipitated by Serum A llunin 

from 1.0 Ml. of Antisera 


Scrum 

No. 

SaN 

added 

Nitrogen precipitated at 

Tot* cn 
juprrcitisU 

37 * 

0* 

2 ml. 

2.5 ml. 

S ml. 

2.0 ml. 

2.5 ml. 

8 ml. 


mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

rtf. 


3.69- 

0.05 




0.674 


O.C28 

Execs? A 


0.25 



\ 

0.642 


0.584 

Excess Sx 

3.85, 

0.03 


0.378 

, 


0.402 


Excess A 


0.04 


0.454 



0.474 


Trace A 


0.15 





0.472 

0.436 

Excess Sa 

3.86, 

0.05 

0.930* 


0.850 

0.940J 


0.888 

Excess A 


Including washings the solubility of the specific precipitate appears to be about 
0.006 mg. N per ml. at 0°. 

* A similar pair of tubes set up for 2 hours at 37° and overnight in the ice bos 

gave 0.946 mg. N. ( 

f A similar pair of tubes washed four times instead of twice with 2.0 ml- 0 . 
chilled saline per washing gave 0.916 mg. X. 

calibrated serum. The values in the second column of Table II were 
obtained by subtracting the Sa found in the supernatant from the 
total added. 

In the inhibition zone a similar analysis for Sa N is made, but c...ct> 
lation of the amount of Sa N in the supernatant is complicated by the 
presence of dissolved antibody and the procedure is as follows (4): 

Let A = the maximum antibody nitrogen found in the serum used, Sa «■ u- 
amount of serum albumin nitrogen added, and X - the amount of nitrogen p-- 
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TABLE II 


Addition oj j 

Sa N added 

ncreasir ig > 

SaN 

precipitated 

mounts 

Total N 
precipi- 
tated 

>/ Scrum 

Antibody 

Nby 

difference 

Albumin 

Ratio 
8ntibody 
N:SaN 
la precipi- 
tate 

Antibody 

N . 
precipi- 
tated, 
calculated 
from 
equation 

m 

Antibody 

N . 
precipi- 
tated, 
calculated 
from 
equation 

W 

Teats on 
supernatants 

mg. 

mt. 


mg. 



mg. 



Course 1. Rabbit 3.69|. 1.5 ml. serum used 


0.025 

Total 

0.392 

0.367 

14.7 

0.370 

0.377 

Excess A 

0.038 


0.554 

0.516 

13.6 

0 515 

0 512 


0.050 


0.668 

0 618 

12.4 

0.630 

0.616 


0.080 

« • 

0.864 

0 784 

9.8 

0.796 

0.775 


0.094 

« 

0.912 

0.818 

8.7 

0 820 

0.810 


0.100 


0.901 

0.801 

8.0 


0.813 

Trace A and Sa* 

0.113 

« 

0 958f 

0.845 

7.5 


0.818 


0 125 


1.000 

0.875 

7.0 



" 44 44 44 

0.150 

0.144 

1.010 

0.866 

6.0 



Excess Sa 

0.175 

0.150 

1 0.998 j 0.848 

S.7 





Equation [1]: mg. antibody N pptd. = 17.0 Sa N — 88 (Sa N)* 

Calculated from equation, Sa N max. ■= 0.0966 mg. 

Antibody N max. *=» 0.820 mg. 
Equation [4]: mg. antibody N pptd. = 22.4 Sa N — 45 (Sa N)* /s 
Calculated from equation, Sa N max. = 0.110 mg. 

Antibody N max. “ 0.818 mg. 


Course 2. Rabbit 3.69j. 1 . 0 ml. serum used 


0.020 

Total 

0.354 

0.334 

16.7 

0.333 

0.341 

Excess A 

0 WO 

*• 

0.601 

0 564 

14.1 

0.561 

0.552 

ii <« 

0.050 


0.674 

0.624 

12.5 

0.635 

0.623 

« <i 

0.060 


0.726 

0.668 

11.1 

0.683 

0.677 

No A or Sa 

0.075 


0.784 

0.709 

9 5 

0 704 

0.721 

a a ii ii 

0.100 


6.820 

0.720 

7.2 


0.725 

Trace Sa? 

0.112(5) 

41 

0.856 

0.743 

6 6 



No A or Sa 

0.125 

0 120 

0.858 

0.738 

6.2 



Excess Sa 


Equation [X): mg. antibody N pptd. - 19.3 Sa N - 132 (Sa N) 1 
Calculated from equation, Sa N max. *=> 0.073 mg. 

Antibody N max. = 0. 705 mg. 
Equation [41: mg. antibody N pptd. = 25 Sa N - 56 (Sa N) 1 ^ 
Calculated from equation, Sa N max. =■ 0.089 mg. 

Antibody N max, = 0. 739 mg. 


* ± after centrifuging, 
t One determination lost. 
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TABLE II — Concluded 


Sa N added 

Sa N 

precipitated 

Total N 
precipi- 
tated 

Antibody 
N by 
difference 

Ratio 
antibody 
N:Sa N 
in precipi- 
tate 

Antibody 

X 

precipi- 

tated, 

calculate* 

from 

equation 

Hi 

Antibody 

precipi- 

tated, 

calculated 

from 

equation 

(41 

Tes'.ica 

jupemaUr.U 

ms- 

ms. 

ms- 

ms. 


ms. 

ms. 




Rabbit 13.29. 1.0 ml. scrum! used 


0.025 

Total 

0.362 

0.337 

13.5 

0.329 

0.342 

Excess A 

0.037(5) 

tt 

0.508 

0.470 

12.5 

0.464 

0.46S 

II It 

0.050 

it 

0.624 

0.574 

11.5 

O.5S0 

0.576 

U it 

0.062(5) 

*i 

0.740 

0.677 

10.8 

0.675 

0.669 

II II 

0.087(5) 

a 

0.906 

0.818 

9.4 

0.812 

0.806 

II II 

0. 112(5) 

it 

1.008 

0.905 

8.0 


0.894 

No A or Sa 

0. 125 

n 

1.042 

0.917 

7.3 


0.924 

II II II II 

0. 135 

tt 

1.070 

0.935 

6.9 


0.935 

II II II II 

0. 157(5) 

0. 152(5) 

1.110 

0.957 

6.3 



ixcess Sa 

0.200 

0.158 

1.070 

0.912 

5.8 



II H 


Equation [1J: mg. antibody N pptd. = 14. 7 Sa N - 62 (Sa N) ! 

Calculated from equation, Sa N max. = 0. 10S6 mg. 

Antibody N max. = 0.871 mg. 
Equation [4]: mg. antibody N pptd. *= 18. 7 Sa N - 32 (Sa N) ,/s 
Calculated from equation, Sa N max. <= 0. 152 mg. 

Antibody N max. = 0. 944 mg. 


Serum M, used for determination of Sa in supernatants, 1.0 ml. 


0.016 

Total 

0.228 


Excess A 

0.032 

< 1 

0.390 


II l» 

0.048 

It 

0.496 


II II 

0.064 

tt 

0.594t 


II ft 

0.080 

a 

0.650 


No A or Sa 

O.OSO§ 

It 

0.646 


II II II l» 


t Absorbed with small additions of globulin until traces of globulin were present 
in excess. 

§ 1 mg. R-salt-azo-biphenyl-azo -crystalline egg albumin added. The washed 
precipitate was colorless and contained no additional nitrogen. 


dpitated at the point considered. Then the amount of spcciCc nitrogen (antigen 
as well as antibody) in the supernatant is given by A + Sa — N", and all of d-- 1 
nitrogen would be predpitated in the analysis of the supernatant for Sa 
excess antibody according to the quantitative theory elaborated in (1), and a*- 
actually found in the dye-antidye system (3). The additional a--iuraptior.jJ 
made that the entire preripitate obtained in this analysis is of uniform cnmpc,.^ 
tion: in other words, that the dissolved Sa-A present can combine with A tmtil 
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its composition is the same as that of the Sa-A formed by the free Sa present in 

its reaction with excess antibody. . . . nn A w 

If N' *= the nitrogen precipitated in the analysis of the supernatant and F — 
the fraction of the supernatant used in the analysis, N' - F (A + Sa - N) - 
antibody nitrogen precipitated from the serum used in the analysis. If the curve 
of antibody N precipitated by Sa from this serum be constructed, the amount of 


TABLE m 

Composition of Precipitate in Region of Antigen Excess 


1 

i 

ss 

•a. 

I 

** 

S 

Jz 

-9§ 1 

Il+ 

ifis 

■8 

S. 

"15 

s 

1 

1 £ 

'Si. 

•8 Si 

& 3 

JZ O 

i £ 

a 

-11 

jll 

•3 

.9 

f* 

i 

a 

lit 

•3 

5 

il 

11 

I| 

Za 

Sa N in precipi- 

tate 

a 

ll 

< 

Ratio antibody 
N:Sa N in pre- 
cipitate 

m. 

mt. 

mf. , 


m- 


m ■ 


1 m ‘ 

mt- t 

j . 

Wf. 

1 



Serum 3.69*, maximum antibody N, 0.743 mg. per ml. 



rwwm. 

■Tul' 

0.50 

0.194 

0.147 

10.010 

6.4 

’• i 



warn 

5.4 

mmww. 


0.50 

0.486 

0.377 

■ 

8.7 

IP 

HRI 

ml? 

iifdf 

5.3 

0 2500.642 


0 50 

KXSKXii 

JR 

10.4 

Efv- 

0. 137 

0.113 

0.529 

4.7 



0.25 



8.6 

SjEl 

XU 



3.8 


Serum 3.12, maximum antibody N, 0.449 mg. per ml. 


0. X28I0.4S0 

0.097 

0.50 

0.334 

< r Xfrf 

8.7 




0.410 

5.9 


rani 

0.50 

0 482 

! 5 

gToFl 

{Sj5 1 

HR 5 

QR? 

|[»Wj 

5.5 


0.271 


0.384 

| ! fin S' 

8.9 

MR 1 

HR 5 



5.6 

uMES 

0.377 


■22a 

£3X2! 

U2J 

Ml 

EES 

ses 

KX22 

5.5 


Serum M was used for all analyses for serum 3.69j except for the last line, for 
which serum N was used. 


Serum 3.13 was used for all supernatant analyses for serum 3.12. 

* 100 times value in column 7 divided by sum of values in columns 6 and 7. 


Sa corresponding to this quantity of antibody N may be read off. The percent- 
age of Sa in this portion of the precipitate may then be calculated according to 
Sa N found X 100 

Sa N foundT antibody N found = per Cent Sa N * Since lt was assumed that the 
entire precipitate contains this proportion of Sa, N' X per cent Sa N thus found -j* 
F « Sa N in total supernatant, and Sa N originally added minus this value «=• 
Sa N in the original precipitate. 

The ratios of antibody N to Sa N in the first portion o£ the inhibition 
zone are shown in the last column of Table III, the calculations being 
those described above. This method was not applicable to the region 
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TABLE IV 


Serial Addition of Serum Albumin to Various Antisera, Calculated to Origins! 

Volume 


Total Sa N added 

! Total N 

precipitated 

Total antibody N 
precipitated 

Ratio antibody 
! N: Sa N 

in precipitate 

Actiboiv X, 
calculi ted trm 
cqutta |IJ 

mg. 

mg. 

mg. 


nt. 


Scrum 3.85; 10.0 ml. used 

Equation [1]: mg. antibody Npptd. *= 17.3 SaN- 170 (SaN)» for 1.5 ml. scrum 


0.020 

0.424 

0.404 

20.2 

0 041 


0. 748 

18.3 

0.063 


1.107 

17.6 

0.086 


1.454 

16 9 


Scrum 3.11; 10.0 ml. used 


Equation {!]: mg. antibody N ppid. *= 12.4 SaN - 76 (Sa N)’ tor 1.0 ml strum 


0.080 

1.180 

1.100 

13.8 

0.164 


2.012 

12.3 

0.252 


2.817 

11.2 

0.345 


3.540 

10.3 

0.442 


4 179 

9.5 


Serum 3.69»; S.O ml. used 

Equation [1]: mg. antibody N pptd. ■= 19.4 Sa N — 78 (Sa N) 1 for 1.0 ml. serum 


0.050 

1.138 

1.0S8 

21.8 


0.105 


2.102 

20.0 


0.166 


3.131 

18.9 


0.233 


4.118 

17.7 

3. 65 

0.306 


5.023 

16.4 

4.47 

0.387 


5.771 

14.9 

5.17 

0.476 


6.12 

Excess Sa 



5.0 ml. 0.476 supernatant + 1.0 ml. 
serum 3.69j + 0.215 mg. Sa N 1 . 788 


1.0 ml. 3.69, + 0.215 mg. Sa N 1.624 

Difference 0. 164; calculated to original volume - 

0.32 mg. N 

Total antibody N: recovered 6.44 mg.; present originally 6.60 mg. Recover)' , 
97.6 per cent. 


of marked inhibition since the experimental error is multiplied many 
times because of the small fraction of supernatant required for analyst 
with the relatively' weak sera available. 

Table IV shows the results of serial removal of the antibody calcs- 
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lated to the original volume in each step after the first. A relatively 
large quantity of each serum was treated repeatedly with a small 
fraction of the amount of Sa necessary to remove the antibody. In 
all three sera, the Danysz phenomenon is quite definite, as can be 
seen by comparison of the third and fifth columns of the table. It 
was also observed in serum 3.69» that all of the antibody present could 
not be removed in a serial experiment. However, this residual anti- 
body could be recovered by adding the supernatant to a mixture of 
fresh serum and Sa. A recovery of 97.6 per cent of the total was 
obtained, a value well within the limit of experimental error. 

Table V indicates that removal of one-half of the antibody from a 
serum results in a different equation from that of the original serum 
diluted to the same antibody content as the absorbed serum. 

Table VI is a compilation of the antibody N to Sa N ratios in the 
equivalence zones of the sera studied. The equivalence point ratios 
are the average of the values found at the antigen and antibody excess 
ends of the zone. 

Table VII shows the results with the second bleeding of rabbit 3.68, 
which contained a considerable amount of antiglobulin. Although 
tests on the supernatants with more antibody showed the presence of 
excess Sa, positive tests were also obtained by the addition of Sa or 
serum globulin. Similarly, if the serum is precipitated with excess 
globulin, addition of more globulin or Sa to the supernatant gives 
definite reactions, showing that antibody is still present. 

It was found (Table Vni) that the decreasing antibody content of 
resting rabbits, previously injected with Sa, was unaffected by the 
injection of another antigen such as Ea or typhoid vaccine, although a 
single injection of Sa into the same rabbit produced an immediate drop 
in antibody content followed by a definite increase. 


Preparation °! R-SaU-Azo-Biphenyl-AzoSerum Albumin?— (Cj. 7.) 0.46 gm. of 
benzidine was dissolved in 100 ml. o£ water containing 1.5 ml. of concentrated HC1. 
lhe solution was chilled to 7-8"C., 0.35 gm. of NaNOa was added, and the mix- 
ure stirred until no test for free nitrite was obtained with KI and starch. The 
so ution was poured into 500 ml. of water containing 3 gm. of sodium acetate. 
.87 gm. of R-salt in 100 ml. of water and 20 ml. of 2 N KaCOa were added. The 
mixture was allowed to stand in ice water for 1 hour before use. 


1 Referred to throughout as DSa (dye serum albumin). 



TABLE V 

Comparison of Partially Absorbed Scrum with Original at Same Antibody Cen'.-.i 


Sa N added 

Total N precipitated 

Antibody N precipitated 

Ratio antibody K 

in pfcdptUte 

ng. 

nr. 



Serum 3.85 diluted to same 

anu'body content as 3.85B 

0 01 

1 0.166 

0.156 

15.6 

0.02 

0.300 

0 280 

14.0 

0.03 

0.3S8 

0.358 

11.9 


Equation [1]: mg. antibody N pptd. = 17.3 Sa N — 170 (Sa N) 1 


Serum 3.S5B after approximately one-half of antibody was removed serially in 4 


absorptions 


0 01 

0. 140 

0.130 

0.02 

0.238 

0.218 

0.03 

0.324 

0.294 


Equation [1]: mg. antibody N pptd. = 14.5 Sa N — 164 (Sa N) 1 


TABLE VI 


Ratio of Antibody Nilrogcn'.Scrum Albumin Nitrogen in Equivalence Zone 


Serum No. 

Ratio at 
antibody excess 
end of zone 

Equivalence 
point ratio 

Ratio at 
antigen excess 
end of zone 

R calculated 
from 
equation 


3.13 

6.5 

(6.3) 

(6.1) 



3.12 

(9.1) 

8.6 

8.1 



12.47 

7.8 

7.1 

(6.3) 


6.2 

13.29 

< 9.4; > 8* 


(6.5) 

7.4 

3.6Sj 

(9) 

(7-8) 

(6.6) 


7.4 

3.69i 

(8.6) 

(7.4) 

(6.2) 

8.5 

3.69j 

< 12.5; > 11* 


(6.4) 

9.7 

8 3 

3.85 

(H.O) 

(8.3) 

(5.6) 



Mean 

8.7 

7,6 

6.5 



— " , . 


Equivalence point taken as arithmetical mean of the limiting zone ratios. 
Values in parentheses calculated from nearest actual determination. 


* Not used in calculating mean. 

TABLE VII 


Beluivior of Scrum 3.68*. Rabbit Injected with 220 Mg. Serum Albumin 


Antigen N added 

Total N 


Supemitxnt pica 


precipitated 

Si 

Antibody 

Si- 

rtf. 

0.04 Sa 

0.05 Sa 

0.075 Sa 

0.42 Sg* 

rtf. 

0.30 

0.34 

0 35 

0.41 

■f(++) 

+(++) 

-f (H — r) 

t — 1_ 

“Tzb 

4~ i- 
-j-4.4- 

-f(-h-f-r) 
-4- ^ ( -f- -h -T* ) 

i ' -J-(u--f-4-) 

4_4~4, 




Readings in parentheses taken after centrifugation. 


* Sg = serum globulin. 
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To 1.03 gm. of crystalline serum albumin in 250 ml. of solution, 10 ml. of 2 
n K 2 C0j were added and 150 ml. of the diazo solution were allowed to run in 
dropwise with constant stirring. During the addition it was necessary to add 2 N 
KsCOj several times, a total of 35 ml. being used. At this point addition of diazo 
solution was Stopped since a preliminary test on a small portion showed that an 
insoluble compound was formed at the equivalent of 200 ml. of diazo solution. 
After coupling was complete the solution was chilled and acidified with acetic 
add to pH 4.7 to predpitate most of the dye protein. The precipitate was sus- 
pended in about 150 ml. of cold water and 5 per cent Na 2 CO* was added until 
solution was as nearly complete as possible. The solution was centrifuged in the 


TABLE Vin 


Effect of Heterologous Protein Injection on Antibody Content 


Ribbit No. 

Date 

Antibody 

N per ml. 



ms 

mg. 


3.69, 

Feb. 13 

0.58 


3.69 t 

Mar. 19 

0.74 

Allowed to rest 


Apr. 15 

0 28 



" 22 

0.18 

Then injected intravenously with 10 mg. Ea* 


“ 24 

0.15 



“ 27 

0.15 

No predpitate with Ea or anti-Ea 


May 2 

0.11 



“ 6 

• 0.11 

Then injected with 10 mg. Sa 


“ 8 

0 05 

With Ea: — (+ after centrifugation) 


" 13 

0.17 

0.21 mg. on May 18, IMS; 0.22 on May 22, 1935 

3.85, 

Apr. 17 

0.72 

Allowed to rest 


May 15 

0.24 

Then injected with typhoid vaccine (4.5 billion 




organisms) 


“ 18 

0.14 

0.09 mg. on May 22, 1935 


* Egg albumin. 


cold and the residue discarded. Predpitation with acetic add left a colorless 
superna ant which, on neutralization, gave no reaction with anti-Sa. Solution 
and reputation were repeated twice. In an effort to fractionate so as to ob- 
tain a portion which did not react with anti-Sa, the predpitate was dissolved as 
Volum . e ?! 130 »>•< and « o' saturated (NH^SOr solution were 

natatf 33 tr'X te 7“ “ n “ fuEed in the c0,d ( fraction «■ To the super- 
nt 33 “ L addltlonal (NH t )iSOi solution were added and the precipitate 

* ‘ he Inten,ati0n3 ‘ ^ 
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(fraction 2) was centrifuged oft. The supernatant was acidified with acetic arid, 
yielding fraction 3. "When these fractions were rcdissolvcd fraction 1 seemed to 
gn e the weakest reaction with anti-Sa. It was thereforegiven two rcprccipitatiom 
at one-third saturation with (NH<);SO<, after which the supernatant was quits 
light in color. The precipitate was centrifuged off sharply and suspended several 
times in cold redistilled acetone until the solvent remained colorless. The residue, 
which was now insoluble in water, was redissolved in water -f- KjCOj, neutral- 
ized, and filtered through a Chamberland L2 filter. Part of the material was 
precipitated with alum for use in injecting rabbits and part was ultrafiltered in the 
cold through a parlodion membrane until the filtrate was colorless, in order to 
remove a considerable amount of dye which was not combined with protein. The 
ultrafiltered material still precipitated anti-Sa but failed to precipitate at any 
dilution with an antiserum to R-salt-azo-biphenyl-azo-cgg albumin (7). It also 
failed to inhibit precipitation in the latter serum by the egg albumin dye. 

The serum of rabbits immunized with DSa reacted with Sa as well as with 
DSa and the dye-antidye reaction was not inhibited by R-salt. 

An attempt was made to free fraction 2 of reactivity with anti-Sa by chroma- 
tographic adsorption, but no fractionation could be observed. 

Analytical Data on R-Salt-Azo-Biphcnyl-Azo-Crystallinc Scrum Albumin.— The 
R-salt-azo-biphenyl-azo grouping, C;;HuO;N<S;, of formula weight 511.3, con- 
tains 12.54 per cent of S; crystalline serum albumin 1.73 per cent of S (9). An 
analysis by Mr. William Saschek of 8.296 mg. ash-free azo protein gave 1.74 mg- 
BaSO«, or 2.88 per cent S. 


Calculated for 15 disazo groups per molecule 2.84/c S 

Calculated for 16 disazo groups per molecule 2 . 91 % S 


Sixteen tyrosine groups per serum albumin molecule would give a tyrosine 
content of 4.3 per cent as compared with the value of 4.7 per cent found by the 
Folin-Marenzi method (10), indicating approximately one disazo group coupled 
with each tyrosine group present, just as in the case of the egg albumin dye 

studied (3). . 

In determining dye N in the precipitate in the DSa experiments, the was-cri 
specific precipitate was dissolved with a definite amount of alkali (3), made up to 
a known volume, and compared in a colorimeter with a DSa solution of known N 
content to which a corresponding amount of alkali had been added. After the 
readings had been made the contents of the colorimeter cup were quantitatively 
transferred to a micro Kjehldahl flask and analyzed for total N. Antibody -> 
was calculated by subtracting the dye N from the total N found. 

Table IX shows the result of adding increasing amounts of DSa > 
and Sa N to a DSa antiserum. It will be seen that Sa failed to remove 
all of the antibody and that more could be removed from trie super- 
natant bv DSa. Both in the unabsorbed scrum and in the -'erwn 
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absorbed with Sa the same percentage of the added dye was found in 
the precipitate in the region of antibody excess. No evidence of a 
zone with both antigen and antibod}' in the supernatant was observed. 

Table X gives a comparison of the amount of antibody N precipi- 
tated by DSa and Sa from an anti-Sa serum. At the maximum both 
antigens precipitated the same amount of antibody from the scrum, 
and Fig. 1 shows that the same curve and equation result in both 
cases by plotting the antibody N or the ratios of antibody N to antigen 

TABLE X 


Precipitation of Anti-Serum Albumin by Dye Scrum Albumin and Serum Allur.in 
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Serum 13. 28 





1 . 0 ml. used with DSa 


1.0 ml. used with Sa 

0.025 

0.023 

I 920.366'0.343 

14.9 

Excess A 



! 

Excess A 

0.027 







Total 

0.478 

0.45146.7, 

0.049 

0.039 

80.0. 6200. 5S1 

14.9 

Excess A 

1 


1 

0.72213.4 

Excess A 

0.054 







1 Total 

0.776 

0.074 

0.060 

81 

0. 791 0. 734 

12.2 

Excess A 



! 

! f 

Excess A 

0.0S1 







i Total 

0.916* 

0.865 10.7, 

0.09S 

o.oss 

900.S980.810 

9.2 

No A or DSa 



i ! 

0.93S 8.7, 

Trace A 

0.10S 







Total 

1.046 

0.123. 

0.105 

851.0200.915 

8.7 

Trace DSa 



| j 


0. 147 

0.124) 

841. 122*0.998 

8.1 

Excess DSa 




Trace Sa 

0. 152 







(0.151) 

1.13S 

9.9S7, j 


* One determination only. 


N in the precipitate against the amount of antigen N in the 
precipitate. 

DISCUSSION 

The present quantitative study of the precipitin reaction duicn 
from the svstems previously studied (1-4) in that evidence exists t»-t 
the antigen, crvstalline horse serum albumin, consists o.> several 
components. Although the protein has been crystallized and ski».. 





ELVDJ A. KABAT AND MICHAEL HEIDELBERGER 


243 


to have a uniform molecular weight (11) Soerensen has been able to 
isolate a number of fractions differing in solubility (12 a) and 
Hewitt has separated fractions of widely different carbohydrate con- 
tent (126). If the immunological properties of these fractions 
differ, antisera produced by injection of the serum albumin should 
consist of a more complex mixture of antibodies than would be pro- 
duced by injection of a single antigen. 

By the injection of smaller amounts of serum albumin than used by 
other investigators (S), it was found possible to obtain potent anti- 
sera which behaved similarlj' to those yielded by egg albumin (4) and 
thus rendered feasible a similar quantitative study. 

From Table II it will be seen that the equations [1 ] to [4] (see intro- 
duction) which accounted quantitatively for other precipitating 
systems are equally applicable to the Sa system. The experimentally 


determined values for antibody N precipitated are in close agreement 
with those calculated from equation [I] up to the beginning of the 
equivalence zone and with values calculated from equation [4] up to 
the maximum. In the derivation of equations [1] and [2] it was 
found that the volume factors cancelled and that the composition of 
the precipitate depended on the proportions in which the components 
were mixed (1). The data given in Table I indicate that the same 
applies in the Sa system, subject to a solubility correction similar to 
that obtaining for the egg albumin system (4). Tests on reaction 


supernatants showed in most of the sera a wide equivalence zone in 
which neither Sa nor antibody was present, evidence that the Sa was 
immunologically homogeneous. 

From the above data the reaction between Sa and antibody may also 
be considered to take place in a series of bimolecular competing re- 
actions between multivalent antigen and antibody before precipitation 
begins. The first step in the reaction would be 


A 4* Sa A • Sa 

in which A and Sa represent antibody and serum albumin molecules 
respectively. This would be followed, for example, in the region of 
excess antibody by 6 


A • Sa + A ASa ■ A and 
A • Sa + A ■ Sa ASa • ASa 
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This process would continue, leading to the formation of larger and 
larger aggregates until these finally precipitated from solution. Such 
aggregates might be represented two-dimensionally as follows: 

••••A • Sa ■ A 

Sa - A • Sa • A 

A • Sa • A • Sa 

• • • • A • Sa 

and would resemble those pictured by Marrack (13). It is possible 
that the insolubility of the precipitate is conditioned not only by the 
size of the ultimate aggregates but also by a reduction in affinity for 
water due to a juxtaposition of oppositely charged ionized groupings. 

Since inhibition begins with a relatively slight excess of Sa, it was 
not possible to apply the equations derived for the maximum precipi- 
tation zone in the Type III specific polysaccharidc-antibodv system 
(1, 2). An attempt to calculate the composition of the precipitate in 
the immediately succeeding inhibition zone is given in Table III. 
The method was not applicable near the region of complete inhibition 
since the weak antisera available necessitated the use of small aliquot 
fractions in this region, introducing large errors. In one serum, 3.12, 
the composition of the precipitate remained fairly' constant over the 
region studied, but in another serum a considerable variation in 
composition was observed, the proportion of Sa increasing with 
increasing additions of Sa. 

The serial experiments shown in Table IV offer further evidence for 
the presence of only a single antigenic component, since Sa appears 
in the supernatant only after all the antibody precipitablc untie: 
these conditions has been removed. In serum 3.69*, 7 per cent of the 
antibody’ was found to be non-predpitable by' serial additions of S— 
As in the egg albumin system (4) much of this could be recovered by- 
adding the supernatant to a mixture of antiserum and Sa and ceAt. 
mining the additional antibody N precipitated over that ghtn b„. in- 
Sa and serum alone. A recovery of 97.6 per cent of the total antibody 
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N could be obtained in this way. The serially non-precipitable anti- 
body may be considered to have a different reactivity from the rest of 
the antibody, perhaps, as postulated in (4), containing only a single 
immunologically reactive grouping per molecule. If this were true 
such antibody could not build up large aggregates by chemical inter- 
action but could attach itself to free Sa groupings on large aggregates 
already in process of formation. In the serial experiments the Danysz 
phenomenon is quite definite, as noted in Table IV, and as is required 
by the theory (c/., for example, (14)). 

Table V shows that removal of a portion of the antibody results in a 
different equation for the residual serum than shown by the original 
at the same antibody content. This may be taken as additional 
evidence that antibody to a single substance consists of a mixture of 
antibodies of different reactivities (c/., for example, (4)). 

Table VI indicates the variation in the antibody N: Sa N ratios at 
either end of the equivalence zone in the sera studied. The values 
calculated for R and R' in equations [1] and [3] are seen to lie in the 
equivalence zone. The data show considerable variation in the extent 
of the equivalence zone in different sera and in different bleedings of 
the same rabbit, indicating that the zone is characterized by no 
constant ratio and that no point within the zone would properly be 
called the equivalence point. A more detailed discussion is given in 
(4). 

Unlike the sera studied in this communication, the anti-Sa sera of 
Taylor, Adair, and Adair (5) exhibited a marked zone in which both 
antigen and antibody appeared in the supernatant. This would 
indicate that the material injected was a mixture of different antigens 
and that the sera contained a complex mixture of antibodies. The 
finding of Goldsworthy and Rudd (6) that recrystallized serum 
albumin contained appreciable amounts of globulin offered an inter- 
pretation of these results, for it was possible to show that the serum 
of a rabbit which had received 229 mg. of crystalline horse serum albu- 
min contained both antialbumin and antiglobulin. In this serum 
(Table VII) addition of excess Sa (as determined by a test on the 
supernatant with antibody) left in the supernatant antibody which 
reacted with serum globulin as well as with Sa (which presumably 
contained a small amount of globulin). Similarly, addition of excess 
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globulin left in the supernatant antibody which could be precipitated 
with either Sa or globulin (which presumably contained a small 
amount of Sa). The marked zone in which both antigen and antibody 
appeared in the supernatant is evident from Table VII and resembles 
the zones observed by Taylor, Adair, and Adair (5). An earlier 
sample of serum from the same rabbit, after injection of only 41 mg. 
of Sa, contained only antialbumin and showed an equivalence zone in 
which neither component appeared in the supernatant. Since Taylor, 
Adair, and Adair injected about ISO mg. of Sa for each course (15), 
it is probable that sufficient globulin was injected as impurity to 
stimulate marked antibody formation. 

Table VIII indicates a failure to detect any anamnestic rise in the 
antibody content of the sera of two resting rabbits injected with 
heterologous antigens, although in the one instance tested a single 
injection of the homologous antigen produced a definite increase in 
antibody content. A similar lack of anamnestic effect has been 
observed in a rabbit with circulating anti-egg albumin (4). 

Table IX summarizes the results obtained with an antiserum to 
R -salt-azo-biphenyl-azo-crystalline serum albumin (DSa). It will 
be noted that in the region of excess antibody the percentage of dye 
N precipitated to dye N added was constant within experimental 
error. With larger amounts of DSa a sharp equivalence zone ap- 
peared, characterized by negative tests with anti-Sa scrum, as well. 
DSa may therefore be considered as a single immunological entity 
although antisera to DSa contain a mixture of antibodies, as do anti- 
sera to other single antigens. Crystalline serum albumin failed to 
remove all of the antibody X present in the anti-DSa scrum and more 
could be taken out of the supernatant with DSa. The same per- 
centage of DSa reacted in the region of antibody excess with the un- 
absorbed serum as with the serum absorbed with Sa. After the 
maximum amount of antibody was removed from the antidve serum 
first with Sa and then with DSa, a residual portion was still present. 
This could be removed by a mixture of DSa and unabsorbed DSa 
antiserum, but was not taken out by an Sa-anti-Sa specific precipi- 
tate, indicating that the residual antibody contained antidve gro jp.n„ • 

rather than anti-Sa groupings. . 

It is apparent from Table X and Fig. 1 tnat the same sero.c,,."~* 
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reaction takes place in anti-Sa serum whether or not the Sa molecule 
is coupled with the dye. Not only do both DSa and Sa remove all 
of the antibody from an anti-Sa serum, but the same curve or equation 
results in each case when antibody N or antibody N : antigen Is ratios 


rig. Antigen N precipitated 

Fic. 1. Precipitation of anti-Sa by DSa and Sa. 

O, DSa-anti-Sa reaction. 

A, Sa-anti-Sa reaction. 

are plotted against the amount of antigen in the precipitate. Similar 
results were obtained with another anti-Sa serum. That the reactiv- 
ity with anti-Sa is not entirely due to a possible admixture with Sa is 
indicated by these data, by the results in anti-DSa serum, and by the 
behavior of the dye on purification. After removal of all antibody 
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reactive with Sa from the anti-DSa serum, 82 per cent of the DSa 
added to the remaining antibody was precipitated, indicating that even 
if unchanged Sa were assumed to be present in the dye, the amount 
could not exceed 20 per cent. Actually it must have been much less 
since part, at least, of the non-precipitable N in the dye was derived 
from highly colored azo compounds. 

Although coupled with the same azo component, the scrum albumin 
dye thus differs markedly in its antigenic properties from the corre- 
sponding egg albumin dye (3, 7, 16). While the latter could be frac- 
tionated so that it no longer reacted with most anti-egg albumin sera, 
antisera to the dye exhibited a peculiar cross reactivity with egg 
albumin (Ea). This reactivity was quantitatively charted (16) and 
shown to be of a totally different type from either the homologous 
Ea-anti-Ea reaction or the dye-antidye reaction. In the case of the 
DSa, however, anti-Sa reacts quantitatively identically with both 
DSa and Sa, whereas only a fraction of the anti-DSa reacts with Sa. 
In both dye proteins the number of disazo groups introduced corre- 
sponded roughly to the number of tyrosine groups in the antigen, so 
that the hapten was probably attached to the protein through these 
groups ( cf . Landsteiner (17); (14)), or through histidine. Whatever 
the points of combination, it is evident that these groupings arc only 
very slightly concerned with the serological specificity of Sa, since 
their modification produces so slight a change as to be undetectable in 
anti-Sa serum, even by the sensitive quantitative methods used. The 
serological specificity of Sa would therefore seem to be determined by 
groupings of amino acids other than tyrosine and perhaps histidine, 
while that of Ea would appear to involve molecular groupings includ- 
ing these two amino acids. The structural patterns of the two pro- 
teins therefore seem to differ very widely. 

Although antisera to the DSa and DEa contained antibodies 
characteristic of the altered chemical structure, these sera gave only 
traces of precipitate when tested with the heterologous dye antigen, 
nor did they show inhibition with R-salt. While such sera have been 
encountered by Landsteiner (17) they have not hitherto been studied. 

With the data now available it is possible to make rough calcula- 
tions of the equivalent composition of the specific precipitates through- 
out the reaction range. If one accepts the value o; the tv.oj.oi 
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weight of Sa as 67,000 (11) and that of antibody (A) in the rabbit as 
roughly 150,000 (18) the ratio of the weight of A to that of Sa is 2.24. 
This may also be taken as the ratio of A N to Sa N, since the percent- 
age of N in the two substances is probably not very different. 

In the region of extreme antibody excess the average value of 2R, 
the maximum calculated AN :SaN ratio, was 13.5 for nine sera. Divid- 
ing this by the A :Sa molecular weight ratio, 2.24, gives 6, indicating 
the equivalent composition of the precipitate at the extreme antibody 
excess end of the reaction range to be roughly SaA«. At the antibody 
excess end of the equivalence zone the mean A N :Sa N ratio was 8.7, 
corresponding roughly to the equivalent composition SaAi. • At the 
antigen excess end of the zone, with the ratio 6.5, the composition 
would be roughly SaAj. The specific precipitate in the inhibition 
zone would approximate the empirical composition SaA 2 and the 
soluble compound or compounds in the inhibition zone could then 
probably be represented by SaA (cf. 19). There would thus be a six- 
fold range of combining proportions possible between Sa and rabbit 
antibody. 

The above empirical formulas are not offered in the sense that 
compounds of definite composition are indicated. They are merely 
approximations of the equivalent composition of the specific precipi- 
tate at definite points or regions in the reaction range. The maximum 
equivalent combining ratio, 6:1, would appear sufficiently small to 
justify the classical chemical treatment given, even though the for- 
mulas derived are not necessarily those of single chemical individuals. 

SUMMARY 

1. The reaction between crystalline horse serum albumin and 
homologous antibody in rabbit sera is quantitatively accounted for by 
expressions similar to those derived from the law of mass action for 
other immune precipitating systems. 

2. The reaction of an azo dye prepared from crystalline serum 
a bumin by coupling with diazotized R-salt-azo benzidine was also 
s u led with homologous antibody and anti-serum albumin. 

->■ Quantitative data obtained on cross reactions with the two anti- 
gens i er markedly from data on the corresponding reactions in the 
Eg a umin system and indicate that tyrosine and perhaps histidine, 
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while important in determining the serological specificity of ccg 
albumin, have little connection with the specificity of serum albumin. 

4. Calculations are made of the equivalent composition of the 
specific precipitate at various reference points in the reaction range. 
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Investigations on the mechanism of thyroid action have empha- 
sized the importance of thyroxine, a crystalline degradation product 
of the protein, thyroglobulin, which appears to be the actual thyroid 
hormone. Only limited information is available on the chemical and 
physical properties of thyroglobulin, on the interrelationships of the 
thyroglohulins of various animal species, and on the immunological 
properties of the protein and antisera produced by its injection. Ilek- 
toen and his collaborators (1) have made a qualitative comparison 
and found a greater serological relationship between the mammalian 
thyroglohulins than between the thyroglohulins of mammals and 
chickens. On the other hand, absorption experiments revealed 
distinct differences between certain of the mammalian thyroglohulins. 
Since a deeper insight into these similarities, and disparities might 
assist in an understanding of the nature of organ specificity it was felt 
that further study of the problem was warranted, especially since new 
and more sensitive quantitative methods have become available since 
the earlier work. 


* The work reported in this communication was carried out in part under the 
Harkness Research Fund of the Presbyterian Hospital. Submitted by Herbert 
E. Stokingcr in partial fulfillment of the requirements for the degree of Doctor of 
Philosophy in the Faculty of Pure Science, Columbia University. 

The writers wish to express their thanks to Professor Hans T. Clarke for his 
generous cooperation and assistance. 
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Preparations of human, hog, beef, and sheep thyroglobulins were 
made according to (2). Evidence had already been obtained that hog 
and human thyroglobulins, at least, were of high molecular weight, 
essentially monodisperse (3), and contained but very small amounts 
of serum globulin when prepared in this way. 

It has previously been shown that typical instances of the precipitin 
reaction could be quantitatively described by means of equations 
derived from the law of mass action (4-8). These equations and the 
significance of their constants, as well as empirical equations which in 
some instances fitted the data even more closely, were discussed in the 
preceding paper (8) and are therefore given only in their applied form 
in the tables in the present paper. 

It was thought of interest to test this quantitative theory of 
the reaction mechanism in the additional case of a protein of far 
higher molecular weight than had previously been studied. 

Taylor, Adair, and Adair (9) have doubted the validity of the 
assumption made in earlier papers of this series that all of the added 
antigen is precipitated in the presence of antibody excess. Opportu- 
nity for an experimental verification of this assumption was furnished 
by the use of thyroglobulin, a single antigenic substance containing 
iodine, an element which could be estimated quantitatively in the 
specific precipitates. 

As a part of this study certain hapten reactions involving diiodo- 
tyrosine, thyroxine, and enzymic digests of thyroglobulin arc pre- 
sented, and their relation to thyroid action is discussed. 


EXPERMEN’TAI, 


The various thyroglobulins 1 were prepared essentially according to (2). 
was taken as 15.8 per cent (2); the serum globulin in two preparations was de- 
termined by the quantitative precipitin method (10). Data on the Tg prepara- 


tions are given in Table I. . 

Tg suspensions were made and injections carried out as described in (6). I * »■ 
bits were injected with 1 to 5 mg. of alum-precipitated Tg four times a we« /:•' 
4 weeks with a rest period of 1 month between courses. AH sera were 
sterilely and preserved with 1:10,000 merthiolatc. 5 The quantitative pnap-M 


1 Referred to throughout as Tg. 

: Rindly presented by the manufacturers, Eli Lilly and Company, In 
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estimations were carried out as in previous commun.cat.ons by analysis of the 
washed specific precipitates for nitrogen by the micro Kjeldahl method. All 
analyses were made in duplicate unless otherwise indicated. To facilitate 
lation N values are given to three decimal places although it is realized that the 

k'thring to the presence of small amounts of serum globulin in the Tg prepara- 
tions all anti-Tg sera were absorbed with small amounts of serum globulin of the 
same species as the Tg used for injection, until no further precipitation occurred. 
Only after this had been done was the Tg-antibody reaction studied. With re- 
gard to the proportion of anti-serum globulin found, anti-hog 12Ei serum 3.75 s 
contained 0.07 mg. of anti-serum globulin N per ml. (analysis on 30 ml.). After 
absorption 1.07 mg. anti-Tg remained, so that of the total antibody produced 
during three courses of injection of Tg 6 per cent was due to the serum globulin in 


TABLE I 


Thyroglobulin Preparations 


Preparation No, 

Source 

Iodine 

Serum globulin 

17 B 

Human 

per cent 

0.75 

per cent 

19 B 

ii 

0.62(5) 


21 B 

“ 

0.31 


13 B, 

Hog 

0.58 

1.1 

13 B, 

” 

0.58 

2.4 

12 E, 

*« 

0.58 


FB, 

Beef 

0.21 


5 A 

<i 

0.68 


• fb 4 

Sheep 

0 34 



the original Tg, Presence of excess serum globulin did not influence the amount 
of N precipitated by Tg from its antisera. Serum CQ5, absorbed with an ade- 
quate amount of hog serum globulin, and at another time with a considerable 
excess, gave with Tg 0.456 and 0.466 mg. N per ml., respectively. In another 
instance the excess of globulin was many times that required to inhibit precipi- 
tation of its antibody, yet this exerted no effect on the N predpitable by Tg. 

The pH of all antisera was ascertained with the glass electrode* and, within 
the limits used, 6.8 to 8.05, no effect of pH change was noted on the amount of N 
precipitated. Since this is in agreement with previous work on other immune 
systems (Marrack and Smith (11); (6)), details are omitted. 

The solubilities of hog and human Tg specific precipitates at 0°C. have been 
determined by estimation of N in precipitates washed with varying amounts of 


* Courtesy of Mr. F. Rosebury, Department of Biochemistry. 
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saline, and in precipitates formed after dilution with saline or with normal rabbit 
serum. The data are summarized in Table II. It will be noted that the solu- 
bility of Tg-anti-Tg in 0.9 per cent saline is very small, about 0.003 mg. N per ml. 
Solubility in normal rabbit serum appeared to be negligible. The solubility 
of the specific precipitate is thus less than in the other rabbit antibody systems 
studied (6-8). 


TABLE II 

Solubility of Thyroglobulin-Aritithyroglohdin Precipitates 


Volume 

‘saline 

washings 

Total N 
precipi- 
tated 

Solubility 

0 *C., N 

Tests on 
supernatants 

Volume 

Total N 
precipi- 
tated 

3 r 
.20 

o • 

Ui o 

Toil C3 

supefnatisti 

ml. 

mg. 

mg. per ml. 


ml. 

mg. 

mg. per ml. 



Serum 3.75 S| anti-12Ei, hog 
0.5 ml. serum, 0.198 mg. hog Tg N in 
0.5 ml. 

0.620 i 

0.003 


Volume 


0.60S 


Excess A, 
trace Tg 


Serum CQ 4, anti-13Bj, hog 
1.0 ml. serum, 0.047 mg. hog Tg N 
0.148 

0.003 


Serum 3.99j anti-19B, human 
0.5 ml. serum, 0.158 mg. human Tg N 


1.5 

8 


0.128 


Excess A 


Dilution with normal rabbit serum: Serum 
3.53j, anti-13 Bj, hog 
1.0 ml. serum, 0.079 mg. hog Tg N 


1 5 
8.5 


0.33S 

0.332* 


0.001 


Excess A 


0 642 
0.62S 


0.003(5) 


Trace A, 
trace Tg 


Scrum 3.99» 

0.5 ml. scrum, 0.158 mg. hog Tg N 


1 


0.252* 

0.238 


0.003(5) 


Excess A 


Dilution with normal rabbit serum (com- 
pared with above) 


4 

8 


0.2541 

0.246 


0.001 


Excws A 


* Single determination, 
f Average of three determinations. 

Since slightly greater amounts of total N were precipitated at 0’C. for 48 
hours than in 2 hours at 37°C. and overnight in the ice box, the former cor ‘ ,J ‘^ 
were used unless otherwise indicated; thus anti-hog Tg serum 2/A gave 0.4 
and 0.436 mg. N under the two sets of conditions. At 3 VC. no difference m 
precipitated was observed in K- hour or 2 hours, and only additional traces o- .- 
were precipitated if the tubes were then allowed to stand overnight in U.t i- c 

h ° X Iodir.e Content oj Specific Precipitates.— In order to ascertain whether or cd 
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the iodine in the specific precipitates was derived entirely from the Tg, antibody- 
containing globulin was isolated from a typical serum, 3.75;, anti-12 Ei, by pre- 
cipitation with 0.85 volume of Na;SO< solution, saturated at 35 C. After di- 
alysis of the precipitate the resulting solution contained 1.56 mg. of N per ml. 
Duplicate 1.0 ml. samples of this solution were analyzed for I and were entirely 
negative, as was the saline used in the washings. Iodine determination reagents 
were I-free. The method used was that ot Leipert (12) modified by Dr. G. L. 
Foster of this department to determine iodine quantities of about 10 y in the 
presence of large amounts of protein (20,000 times). The writers wish to express 
their gratitude for Dr. Foster’s aid with these determinations and for permission 
to use this as yet unpublished method. The above 3.752 antibody globulin con- 
tained 0.23 mg. of antibody N per ml. 

In Table III are summarized the results of the micro iodine deter- 
minations on the specific precipitates from four antisera to both human 
and hog Tg of known N and I content. Points in the equivalence 
zone, and on both sides of the zone were selected so that the largest 
possible amounts of iodine could be measured. The same amounts of 
Tg as were used for precipitation were analyzed .for I. After elimina- 
tion of one determination as out of line, the iodine analyses given in 
Table III indicate that 96 to 101 per cent of the added Tg is recovered 
in the specific precipitates up to the first point at which a slight excess 
of Tg appears. Hooker and Boyd (13) similarly found 90 to 100 per 
cent of antigen precipitated in the case of hemocyanin. When an 
excess of Tg is added, a lower proportion of the iodine is, of course, 
recovered in the precipitate and the relative amount of I (antigen) 
recovered is that anticipated from the supernatant tests. 

Addition oj Increasing Amounts of Thyroglohulin to Homologous 
Anlithyroglobulin Sera . — In Table TV are given the quantitative 
precipitin data obtained by the addition of increasing amounts of 
human, hog, beef, and sheep Tg to homologous antisera. The course 
of the reaction is recorded for sera of a single rabbit immunized with 
the Tg of a single species and given several courses of injections. 

nalogous data, omitted in the present report, were obtained on many 
sera, but a summary of data relating to the equivalence zone will be 
ound in Table V for all sera on which a sufficient number of analyses 
were rum Equations [1] and [4] (cf. (8)), are given wherever possible 
or sera m Table TV and a comparison is made of the precipitated 
an i o y N calculated from these equations with the experimentally 



TABLE III 

Estimation of Iodine in Thyroglobulin-Antithyroglobulin Precipitates 



* 2.0 ml. serum. 

t .VO ml. serum used, single determination in 4 ml. vol. 
t 1.5 ml. serum. 

1 Added to excess antiserum and specific precipitate analyzed, 
•j Single determination. 
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found values. Agreement between 
values was in some cases better and in 


the observed and calculated 
others less satisfactory than in 


the examples given. . , 

Several analyses of the specific precipitate were earned out in .he 
region of excess Tg by the method given m (6) . Antibody N . Tg N 
ratios as low as 0.6 and 0.4 were found in the hog Tg system. 

Serial Additions of Thyroglobulin to Homologous Antiserum. lab e 
VI shows typical results of serial additions of small amounts of human 
and hog Tg to homologous antisera and contains comparison with 
the total antibody N which would have been precipitated by single 
addition at the same Tg N value, calculated to the original volume 
from Equation [1] as given for the same serum in Table IV. The 
course of each serial reaction was described with considerable accu- 


racy by the equations given in Table VI. 

Heterologous Reactions. — A summary of the proportion of antibody 
precipitable by heterologous Tg from the various sera is given in 
Table VII with the age of the sera used. Data on several of the 
numerous possible cross reactions involving the four Tg’s and their 
antibodies are given in Table VIII. Table IX shows the proportion 
of antibody precipitable by heterologous Tg remaining after partial 
precipitation of antiserum with homologous Tg. 

Action of Various Related Haptens. — In view of the results reported 
by Adant and Spelil (14) and Snapper (15) A3 , 5-diiodotyrosine 4 and 
di-thyroxine were tested for hapten action in homologous and het- 
erologous human and hog Tg-anti-Tg systems. i-3,5-Diiodotyrosine 
was used in 1:10,000 concentration in 0.9 per cent saline and also as 
its sodium salt at pH 7.32. dl- Thyroxine, due to its extreme insolu- 
bility in saline, was used as its disodium salt at pH 10.6. 

Addition of these solutions to human and hog anti-Tg sera failed to 
produce precipitation, and did not inhibit precipitation on subsequent 
addition of homologous or heterologous Tg. In addition, the alcohol- 
precipitable material from successive peptic and tryptic 5 digestion of 
denatured hog Tg, with 41 per cent NH 2 N, gave only negligible pre- 
cipitates with anti-Tg sera and showed no inhibiting effect. 


1 Kindly furnished by Dr. G. L. Foster. 

Merck’s preparation containing polypeptidases; however, digest gave posi- 
tive biuret test. 



QUANTITATIVE THEORY OF PRECIPITIN REACTION. VI 


The polysaccharide isolated from Tg by alkaline hydrolysis’ nbo 
failed to show hapten action. 


DISCUSSION 

The immunological property of thyroglobulin which has hitherto 
been most emphasized is its organ specificity (1). The question of 
antihormones has, however, recently become one of importance. If, 
as appears probable, thyroglobulin is the actual hormone of the thy- 
roid gland instead of the crystalline degradation product, thyroxine, 
thyroglobulin stimulates the production of an antihormonc as it 
readily gives rise to precipitins. The present quantitative study of 
precipitin reactions involving mammalian thyroglobulins was carried 
out in the hope of adding to the knowledge of thyroglobulin in both 
of the above respects and also in order to include in the series of precipi- 
tin reactions studied one in which the antigen was of high molecular 
weight (3). 

While the thyroglobulin of no species has yet been obtained in 
crystalline form, those which have been studied (3) arc essentially 
monodisperse. The thyroglobulins included in the present work 
behaved as single antigens, in that supernatants in the equivalence- 
zone failed to show- the presence of antigen or antibody when tested 
with fresh antiserum or antigen. Positive reactions in the super- 
natants from the equivalence zone may be taken as an indication of 
several components ( cj . (8) for a more complete discussion). The 
preparations used (2) contained small amounts of serum globulin but 
any disturbing effects of this impurity were eliminated by absorption 
of all antisera with serum globulin of the same species as the thyro- 
globulin injected. In agreement with Hektoen and collaborators (1), 
no immunological relation between serum globulin and thyroglobulin 
could be detected, a result all the more striking since the thyroglobu- 
lins, although so closely related as to show a definite organ specificity, 
also exhibit marked species differences just as do the serum globulin?. 
In the thyroglobulins these species differences appear to be related to 
an entirely different molecular configuration than in the case of the 
serum globulins, since addition of far more serum globulin than re- 

' To be described in a subsequent communication. 
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quired to inhibit precipitation of the antiglobulin in the anti-Tg sera 
failed entirely to reduce the amount of antibody thrown down by Tg. 

The solubility data given in Table II indicate a somewhat lower 
solubility for the Tg-anti-Tg precipitate than was found in this labora- 
tory for other protcin-antiprotein precipitates; that is, about 0.003 
mg. of N per ml. as against 0.005 mg. in the egg albumin system (6) 
and 0.006 mg. in the serum albumin system (8) . The solubility of the 
thyroglobulin specific precipitate in normal rabbit serum was only 
about 0.00 1 mg. of N per ml. These data also show that the composi- 
tion of the specific precipitate does not depend on the concentration of 
antibody at equilibrium, but rather on the proportions in which the 
reactants are mixed. This would indicate that the considerations 
which led to the adoption of equations [11 to [4] (see introduction, 
Paper V (8)) were equally applicable to the Tg system. 

Before the analytical data could be fully relied upon it seemed desir- 
able to test the assumption made in previous papers of the series that a 
single antigen (or hapten) was quantitatively precipitated in the region 
of excess antibody and the equivalence zone if a test of the supernatant 
with more antiserum showed no trace of the antigen (or hapten). 
The reasons for this assumption were fully given in (6) but its validity 
was questioned by Taylor, Adair, and Adair (9). Since the iodine 
content of the Tg used was accurately known and anti-Tg had been 
found to be free from iodine, it was possible to precipitate a given 
amount of Tg iodine with an excess of antiserum and determine the 
proportion of the iodine in the washed specific precipitate. As will be 
seen from Table III, a recovery of 96 to 101 per cent was usually 
obtained. The above assumption is therefore shown to be justified 
in the one instance in which a direct test was possible, and this adds 
an additional reason for its use to those given previously (6). 

It appears, therefore, that the ratios given in column 4 of Table IV 
actually represent the ratio of antibody N to Tg N in the Tg-homol- 
ogous anti-Tg specific precipitate in the region of excess antibody and 
in the equivalence zone. Calculations of the composition of the 
precipitate from the iodine content gave similar ratios of the compo- 
nents, as shown in Table III. When these ratios were plotted against 
t e Tg N precipitated it was usually possible to draw a straight line 
airly satisfactorily through the points and thus obtain the constants 
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for equation [1] for the serum. Usually the points farthest from the 
line were at the extreme antibody excess end and near the antigen 
excess end of the equivalence zone. There was thus often a fraction 
of antibody present in the sera which formed compounds with Tg in 
which the antibody N:Tg N ratio was greater than 2R, and in surh 
instances the empirical equation [3], in which the ratios were plotted 
against the square root of the Tg N in the precipitate, often showed 
better agreement in the region of large antibody excess since this rela- 
tion covers the formation of compounds of three times the anti- 
body N:Tg N ratio at the maximum (see introduction, Paper V (8)). 
In Table IV equations [1] and [4], derived from [2] and [3] by multi- 
plying through by Tg N, are given in the instances in which sufficient 
data were available, and it will be noted that there is fair agreement 
of the experimentally determined antibody N values with those calcu- 
lated from one or the other of these relations. It was evident in most 
cases, however, that connection of the actual experimental ratio: Tg 
points led to a curve and not a straight line. 

From the above data the reaction between Tg and antibody may 
also be considered, as a first approximation, to take place in a series of 
bimolecular competing reactions between multivalent antigen and 
antibody before precipitation begins. The first step in the reaction 
would be 

A + Tg ;=i A • Tg 

followed, for example, in the region of antibody excess, by 
A • Tg + A ^ ATg • A, and 
A • Tg + A • Tg ^ ATg • ATg 

This process would continue, leading to the formation of large* and 
larger aggregates until these finally precipitated from solution, p^ r 
sibly on account of their great size or because of the interaction o. 
polar groups brought into juxtaposition leading to a diminution o. 

affinity for water (cf. also Marrack (16))- 

As nearly as could be estimated, R in equations [1] and [4] corre- 
sponded fairly closely with the antibody X :Tg X ratio at the antffio .j 
excess end of the equivalence zone (Table \ ). Usually only ^ 
per cent of the anti-Tg was precipitated at this point, so that cstina- 



TABLE IV 

*«• * " <2E£Z ,0 


Total N 


Antibody B?t»o 

N by antibody 

difference N:TgN 


Antibody 

calculated 
from equa- 
tion iu 




Antibody 

N 

calculated 
from equa- 
tion {41 


m- 


Testa on supernatants 


Anti-human Tg 17B serum 3.99 
Course 1. 1.0 ml. serum, human Tg 17B used 

I Excess A 

| I Trace A, trace Tg 


0.079 

1 0.3S0 

0.271 

3.4 

0.158 

| 0.472 

(0.314) 

(2-0) 


Course 2. 1.0 ml. serum used 

Equation [l\: mg. antibody N pptd. “ 6.5 Tg K - -IS i.O (Tg N) 
Max Tc N, A N ** 0.217, 0.704 mg., respcctit ely 
Equation (4]: mg. antibody N pptd. « 8.0 Tg N - 10.4 g 
Max. Tg N, A N - 0.263, 0.700 mg., respectwcly 


0.144 

0.216 

0.28S 

0.316 

0.364 

0.474 



0.625 

0.704 


0.582 

0.682 


Excess A 

<c «i 

No A or Tg 

ii ii i< a 
ti ii ii K 

Excess Tg 


Course 3. 1.0 ml. serum used 

Equation [X)i mg. antibody N pptd. *= 7.7 Tg N — 13.8 (Tg N) 1 
Max. Tg N, A N = 0.279, 1.073 mg., respectively 
Equation (4]: mg. antibody N pptd. - 11.2 Tg N - 14.2 (Tg N)* * 
Max. Tg N, A N = 0.277, 1.029 mg , respectively 


0.079 

0.158 

0.316 

0.395 


0.686} l 0.607 
1.0241 0.866 

1.3581 I (1-042) | 
1.4081 


0.523 

0.872 


0.570 

0.864 


Excess A 

ii i< 

Trace A, trace Tg 
Excess Tg 


Anti-hog Tg 12Ei serum 3.75 
Course 1. 2.0 ml. serum, bog Tg, 13BjB» used 


Equation (l]: mg. antibody N pptd. = 4.9 Tg N — 15.2 (Tg N)* 



Max. Tc N, A N ■= 0.161, 0.395 mg. N, respectively 

0.015(8) | 

0.098 1 0.082 i 

5.2 

0.074 | 

Excess A 

0.031(6) 

0.170 0.138 

4.4 

0.140 

| “ ‘ ! 

0.079 | 

[0.352 0.273 

3.5 

i 0.292 1 

| ii ii 

0.158 

0.316 

0.562 (0.404)1 

| 0.804 

(2.6) 

(0.394) 

1 Trace A, trace Tg? 

1 Excess Tg 


* 1.5 ml. 1 : 1 serum dilution used, calculated to 1.0 ml. whole serum. 

1 1.0 ml. 1 :1 serum dilution used, calculated to 1.0 ml. whole serum. 
1 One determination only. 
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TpN 

added 

Total N 
precipi- 
tated 

Antibody 
N by 
difference 

Ratio 
antibody 
N:Tg N 

Antibody 

N 

calculated 
from equa* 
tion (If 

Antibody 

calculated 
from equa- 
tion (41 

Tests on 

ns. 

ns. 

ns. 


ns- 

ns . 




Anti-hog Tg 12Ei scrum 3.75 




Course 2. 

1.0 ml. scrum, hog Tg 12Ei used 

0.158 

0.556) 

0.398 

2.5 



Excess A 

0.174 

0.590* 

0.416 

2.4 



1 t <1 

0.248 

0.720$ 

(0.472) 

(1.9) 



Xo A, trace Tg? 


Course 3. 1.0 ml. serum, hog Tg 12E 1 used. 

Equation {!]: mg. antibody N pptd. = 5.5 Tg N — 9.1 (Tg XV 
Max. Tg N, A N = 0.302, 0.830 mg. N, respectively 
Equation (4): mg. antibody N pptd. •= 8.2 Tg N — 10.4 (Tg N) ,/j 
Max. Tg N, A N = 0.277, 0.756 mg. N, respectively 


0.032 

0.230 

0.198 

6.2 

0.167 

0.202 

Excess A 

0.079 

0.508 

0.429 

5.4 

0.378 

0.417 

tt u 

0.158 

0.784 

0.626 

4.0 

0.612 

0.641 

n ii 

0.237 

1.018 

0.781 

3.3 

0.793 

0.740 

ii ii 

0.316 

0.395 

1.168 

1.256 

0.852 

(0.861) 

2.7 

(2-2) 



ii »i 

Trace A, trace Tg 


Anti-sheep Tg FB, serum 4.93 
Course 1. 1.0 ml. serum, sheep Tg FB< used 


0.040 

0.16S 

0.128 

3.2 



0.079 

0.268 

0.189 

2.4 



0.249 

0.40S 






Excess A 
Trace A, no Tg 
Excess Tg 


0.040§ 

0.079 

0.15S 

0.190 

0.237 


Course 2. 1.0 ml. serum, sheep Tg FB< used 
Equation (1): mg. antibody X pptd. *= 6.3 Tg X — 29 (Tg X) 1 
Max. Tg N, A N = 0.109, 0.342 mg. X, respectively 

. - - ■ - — . . Excess A 

Trace A, trace Tg 

it it «< 

Xo A, trace Tg 
Excess Tg 


0.040 

0.262 

0.222 

5.6 

0.206 


0.079 

0.394 

0.315 

4.0 

0.317 


0.111 

0.456J 

0.345 

3.1 

0.342 


0.158 

0.50S 

(0.350) 

(2.2) 



0.332 

0.480 






Anti-beef Tg 5A serum 4.83 
Course 1. 1.0 ml. serum, beef Tg 5A used 

Equation [1J: mg. antibody X pptd. ■= 4.5 Tg X - 14 (Tg 
Max. Tg X, A X = 0.161, 0.362 mg., respectively 


0.213 

0.342 

0.49S 

0.542{ 

0.610) 


0.173 

0.263 

0.340 

0.352 

0.373 


4.3 

3.3 
2.2 
1.9 
1.6 


0.1SS 

0.269 

0.361 


Exce: 


Trace 

tf 


X) 1 
s A 


A?, e.~ Tg 

ft I* ** 


§ 2.0 ml. serum used, calculated to 1.0 ml 
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tion of the total antibody N content of an anti-Tg serum would involve 
precipitation in the usual way with a slight excess of Tg, estimation of 
the excess Tg in an aliquot portion of the supernatant by addition to 
an antiserum calibrated against Tg according to (10), subtraction of 
the Tg in the total supernatant from the total amount of Tg originally 
added, and subtraction of the difference from the total N found. 

While few analyses of the composition of the Tg-anti-Tg precipitate 
have been carried out in the region of excess Tg, ratios as low as 0.6 
and 0.4 were found for antibody N'.Tg N in these analyses. These 

table v 


Equivalence Zone Ratios of Thyroglobulin Antisera 


Serum 

No. 

Antibody 
N;TgN 
ratio at anti- 
body excess 
end of 
equivalence 
rone 

Antibody 

N:T*N 

calculated 

from 

equation (H 

Antibody 
N-.TgN 
ratio at anti- 
gen excess 
end of 
equivalence 
zone 

Serum 

No. 

Antibody 
N:TgN 
ratio at anti* 
body excess 
end of 
equivalence 
tone 

Antibody 

N:TrN 

calculated 

from 

equation 11] 

Antibody 
N:Tg N 
ratio at anti* 
gen excesa 
end of 
equivalence 
tone 


Human-a 

nti-human 



Hog-a 

nti-bog 


3.56, 

> 3.6 

4.0 


CQ4, 

< 2.2 

2.1 


3.99, 

(3.0) 


(2.0) 

CQ5, 

> 2.0 

2.1 


3.99, 

(3.0) 

3.3 

(2.2) 

2.40, 

< 1.8 

1.9 


3.99, 

>3.3 

3.9 

<3.3 

2.61, 

<2.5 

2.7 






2.61, 

2.1 




Sheep-auti-sheep 


3.75, 

< 3.5 

2.5 

< 2.6 

4.93, 

2.4 

1 

I 

3.75, 

< 2.4 


< 1.9 

4.93, 

1 (4.0) 

3.2 

I (2.2) 

3.75, 

< 2.7 

2.8 

(2.2) 





3.97, 

2.1 

2.1 



Beef -anti-bee! 






4.83, 

| < 2.2 

1 

] 






Values in parentheses deduced from nearest actual determination. 


instances are an exception to the usual finding that most of the specific 
precipitate is derived from the antiserum. Ratios smaller than unity 
were also encountered by Hooker and Boyd (13) in the hemocyanin 
system and recognized as characteristic of specific precipitates con- 
taining antigens of high molecular weight. 

It is apparent from Table V that R at the antibody excess end of the 
equivalence zone was higher in the human Tg-antibody system than 
in the hog Tg sera. Unfortunately, insufficient data were obtained to 
fix the other end of the equivalence zone with any certainty, but the 
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ratios appeared to vary around 2 in both systems. Since it has kcr. 
shown that the molecular weights of human Tg and hog Tg are the 
same (3), the apparently broader equivalence zone in the former ire 

TABLE VI 


Serial Additions of Thyroglobulin to Homologous Antisera, Calculated to Or i 

Volume 


Total of 
successive Tg N 
additions 

Total N 
precipitated 

Total antibody 
N by difference 

Ratio antibody 
N:Tg N in total 
precipitate 

Ratio antibody 
N:Tg N in cacn 
precipitate 

N calculat'd 
from n 

HI. Talle IV 

mg. 

mg. | 

mg. 



n; 


7.0 ml. anti-human Tg 17B scrum 3.99, total A N 5.11 mg. 
mg. antibody N pptd. = 13.3 Tg N — 8.0 (Tg N)* 
Max. Tg N, A N = 0.S32, 5.53 mg., respectively 


0.031(6) 

0.440 

0.408 

12.9 

12.9 

0.066 

0.899 

0.833 

12.6 

12.5 

0.102 

1.345 

1.243 

12.2 

11.3 

0.141 

1.837 

1.696 

12.0 

11.6 

0.183 

2.336 

2.153 

11.8 

11.0 

0.228 

2.84S 

2.620 

11.5 

10.4 

0.276 

3.342 

3.066 

11.1 

9.3 

0.327 

3.843 

3.516 

10.8 

8.7 

0.382 

4.257 

3.875 

10.2 

6.5 

0.441* 

4.611 

4.170 

9.5 

5.0 


Another bleeding, 3.99s, gave 95% antibody N pptn. 


5.0 ml. 3: 1 anti-hog Tg 1 3B 2 scrum CQ 5, total A N 1.55 mg. 
mg. antibody N pptd. = 5.9 Tg N — 10.5 (Tg N) ! 
Max. Tg N, A N = 0.281, 0.826 mg., respectively 


0.023(7) 

0.180 

0.156 

6.6 

6.6 


0.050 

0.316 

0.266 

5.3 

4.2 


0.079 

0.464 

0.3S5 

4.9 

4.1 

0,420 

0.111 

0.621 

0.510 

4.6 

4.0 

0.146 

0.785 

0.639 

4.4 

3.7 

0.5 10 

0.184 

0.943f 

0.759 

4.1 

(3 1) 

n U 5 


Another antibody solution, 3.75 : , gave 75% A X pptn. 


The above runs were not made in duplicate. 

* Next determination lost, showed slight excess Tg in supernatant, 
f Allowed to stand 3 days at 0'C. Trace Tg in supernatant. 

stance would seem due to the reactivity of the anti-human r h • 
more groupings on the antigen molecule than react with the out: 

Tg (c/. 6). 
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Perhaps {or this reason, which would in some measure determine 
the range of combining proportions between antigen and antibody, 
serial additions of human Tg to anti-human Tg serum 3.99, showed 
an unusually large Danysz effect (Table VI). All except tire final 
precipitates were characterized in this instance by very high antibody 
N:Tg N ratios and the equation for the reaction was very different 
from that obtained with the same serum by addition of increasing 
amounts of Tg (Table IV). The appearance of Tg in the final super- 
natants from the serial experiment before all of the antibody N had 
been precipitated, indicates, as in other systems, the presence in the 
antiserum of antibodies of varying reactivity toward the antigen. It 
is probable, also, that the great size of the Tg molecule increases the 
tendency toward large Danysz effects, owing to the relatively large 
number of immunologically reactive groupings available. A Danysz 
effect of similar proportions was obtained with a later bleeding from 
the same rabbit. On the other hand, two hog Tg-anti-hog Tg serial 
experiments with much weaker sera gave smaller Danysz effects 
resembling those observed in other systems (S, 6, 8). 

The remaining tables, VII, VIII, and IX, give data relating to the 
organ specificity of the thyroglobulins. Hektoen and collaborators (1) 
showed that mammalian thyroglobulins were closely enough related 
to be termed organ specific, but that they were not necessarily identi- 
cal. This conclusion is confirmed by the present quantitative studies 
and extended in a number of respects. In Table VII are given the 
percentages of cross reacting antibody in many of the sera for which 
data with homologous Tg are recorded in Tables TV and V. It will be 
noted that the proportion of cross reacting antibody increases, in 
general, with prolonged immunization, as would be expected. More- 
over, the reciprocal cross reactions appeared to occur to about the 
same extent, as shown by the human Tg-anti-hog Tg and hog Tg-anti- 
human Tg data in Tables VII and VIII. 

. ^ shown in Table VII that the cross reactions, also, may be quan- 
titatively expressed by equations [1] to [4], and in this respect the Tg 
reactions differ radically from two of those previously subjected to 
quantitative study (17, 18). The antigens in a third cross reaction, 
cr> stallme horse serum albumin and R-salt-azo-biphenyl-azo-crystal- 
:ne horse scrum albumin (8) resembled each other even more closely 
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than do the thyroglobulins, since they behaved identically in anther;* 
to serum albumin. In the present study 75 to 80 per cent crossing wax 
shown in both directions between sheep and bovine Tg and their anti- 
sera, the relationship being the closest of those studied. According 
to Adant and Spehl (14) sheep and bovine Tg show little crossing, but 
it is difficult to say whether their conclusion is due, as seems possible 

table vn 


Approximate Percentage of Cross Reacting Antibody and Age of Antilhyroglehlin 

Sera 


Serum No. 

Amount of 
cross reacting 
antibody 

Age of serum 

Serum No. 

Amount of 
cross reacting 
antibody 

A sc efrruti 


Per cent 

mo s. 


per cent 


Hog-anti-human 

Human-anti-shccp 

3.56, 

20 

1.5 

4.93, 

14 

1 3 

3.99, 

20 

3 



1 

3.99, 

36 

10 


Ilog-anti-shcrp 

3.99, 

44 

6 

4.93, 

40 

2 

Human-anti-hog 


Shcep-anti-bcef 


CQ4, 

15 

I 2 

4.84, 

(75) 

2 

CQ5, 

20 

2.5 




2.61, 

30 

6 


Ilog-anti-bcef 


2.64, 

IS 

9 

4.8-1, 

(50) 1 

2 

3.75, 

12 

0.5 


1 


3.75, 

21 

6 

i Human-anti-bcef 




4.8-1, 

15 

2 

Bcef-anti-shcep 


4.83, 

15 

2 

4.93, 

SO 

6 




4.93, 

SO 

2 


Bccf-anti-bog 





4 94, j 

45 | 

3 


Values in parentheses are approximate. 


from their data, to inhibition of the cross reaction by the use of exces- 
sive amounts of Tg, to reliance on antigen dilution as a mca«ure ot 
antibody reactivity, or to other factors. Human Tg differs 
from the others in the series, for in most of the sera obtained 
short courses of injections crossing was less than 20 per cent in 
direction. The quantitative precipitin method therefore gives xc » 
corresponding in general to the biological relationship ot the arnrr.v 
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TABLE Via 


Addition 0} Increasing Amounts 0} Heterologous Thyroglotulin to Antitkyroglobulm 
Rabbit Serum 


TgN added j 

Total N 
precipitated 

Antibody N 
bydiScrence 1 

. Ratio anti- 
body N;TgN 1 

Antibody N 
calculated 
from ! 

equation [11 

Tests on supernatants 

m*. 

mf. 



mg. 



Anti-human Tg serum 3.99 


Course 2. 1.0 ml. serum, hog Tg 12Ei used 
Equation [!): mg. antibody N pptd. = 2.6 Tg N —>6.4 (Tg N) 
Max. Tg N, A N » 0.203, 0.264 mg., respectively 


0.040 

0.130 1 

1 0.090 1 

2.3 

0.079 

0.242 

0.163 

2.1 

0.158 

0.406 ! 

0.248 1 

1.6 

0,211 

0.472 

(0.261) 

(1.2) 


0 094 
0.165 
0.251 


Excess A, no Tg 


Trace A, trace Tg 


Course 3. 1 .0 ml. serum, hog Tg 12Ei used 
Equation (1J: mg. antibody N pptd. = 3.3 Tg N — 6.1 (Tg N) 1 
Max. Tg N, A N = 0.270, 0.446 mg., respectively 


0.079 1 

0.336 

0.257 1 

3.3 

0.223 1 

Excess A, no Tg 

0.158 

0.516* 

' 0.358 

2.3 

0.370 

ii <i ii <i 

0.237 

0.624t 

0.387 | 

1.6 

1 0.439 

No Tg 

0.316 

0.632 

0.780t 

1.0161 

(0.464) 

(1.5) 


Trace Tg 
| Excess Tg 


Anti-sheep Tg serum 4.93 
Course!. 1.0 ml. serum, beef Tg 5A used 


Equation [1]: mg. antibody N pptd. = 2.8 Tg N — 10.5 (Tg N) 1 



Max. Tg N, A N = 

■ 0.133, 0.187 mg., respectively 

0,040 

0.144 

0.104 

2.6 

0.095 

Excess A, no Tg 

0.063 

0.190 

0.127 

2.0 

0.134 

ii ii ii ii 

0.079 

0.224 

0.145 

1.8 

0.155 

i< ii ii ii 

0.158 . 

1 0.354 

(0.196) 

(1.2) 


No A, trace Tg 


Course 2. 1.0 

ml. serum, beef Tg 5A used 

Equation [1]: : 

mg. antibody N pptd. = 

4.4 Tg N - 

- 17 (Tg N)> 

0.040 

Max. Tg N, A N « 0.129, 0.285 mg., respectively 

0.210 

0.170 

4.3 

0.149 

Excess A, no Tg 

0.079 

0.310 

0 231 

2.9 

0.242 

II II it 41 

0.102 

0.380 

0.278 

2.7 

0.272 

No A, no Tg 

0.158 

0.440 

(0.282) 

(1.8) 


1 No A, trace Tg 


* Single determination. 

1 0.5 ml. serum, calculated to 1.0 ml. 
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TABLE VIII — Concluded 


Tg N added 

Total N 
precipitated 

Antibody X 
by difference 

Ratio anti* | 
body X:TgN i 

Antibody X 
calculated 
from j 

equation flj 

Tests oa I’ipfttiti'.fi 

rtf. 

ms. 

ms. 


ms. j 



0.040 

0.079* 

0.158 

0.040 

0.079 


0.015(8) 

0.040* 


Anti-beef Tg serum 4.84 
Course 1. 1.0 ml. scrum, sheep Tg FB, used 


0.132 

1 0.092 

2.3 


0.178 

1 (0.099) 

(1.3) 


0.170 

(inhibition) 




1.0 ml. senim, bog Tg 12E, used 

0.104 

1 0.064 

1.6 | 


0.118 

(inhibition) 

I 

! j 



1.0 ml. scrum, human Tg 21 B used 

0.041$ 

[ (0.025) 

(1.6) 


0.042 

(inhibition) 




Trace A, no Tg 
Trace Tg 


Excess A 


Trace Tg 


Anti-hog Tg scrum 4.94 
Course 1 . 1.0 ml. scrum, beef Tg 5A used 


0.020 

0.058$ 

0.038 

1.9 


Excess A, no Tg 

0.031(6) 

0.072 

0.040 

1.3 


No A, no Tg 


$2.0 ml. samples calculated to 1.0 ml. 


from which the Tg were derived, and should be a more useful loo! in 
serological studies of such relationships than the inaccurate, qualita- 
tive dilution methods customarily employed. Rough measurement? 
of relative precipitate volumes in the cross reactions of mammalian 
sera were made by Nuttall and Strangeway s (19). 

It is also evident from Table VIII that 2R in equation [1 ] is usually 
considerably lower than in the homologous reaction (Table I\;- 
Since the molecular weights of human Tg and hog Tg, at least, have 
been shown to be the same (3) the ratio effect may be most s:mp!> 
explained by the assumption that the antibody reacts with fc.’-e. 
immunologically active groupings on the heterologous Tg rr.okcuh 
than on the homologous Tg. 

Another aspect of the cross reactions is brought out in Table !S 
Several sera were fractionally precipitated by the homologous ib 
that as much antibody N, or somewhat more, was removed than h: 
previouslv been found to enter into the cross reaction. Ana 


i.,4 

t 


A O 
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the remaining antibody for cross reacting antibody N showed that 
nearly one-half remained, so that the heterologous anti-Tg was by no 
means confined to the portion of the antibody most reactive with 
homologous Tg. The figures in column 3 show, however, that the 
initial precipitate was relatively high in the heterologous anti-Tg. 

Since data are available on the molecular weights of thyroglobulin 
(3) and at least a limited number of antibodies formed in the rabbit 
(20) it is possible to calculate the empirical composition of the specific 
precipitate at certain limiting points or regions of the reaction range. 
In the region of extreme antibody excess, as in the serial experiments 

TABLE DC 


Partial Precipitation oj Antisera with Homologous Thyroglobulin, Followed by 
Precipitation with Heterologous Thyroglobulin 


Homologous j 
Tg N added 

Homologous 
antibody N 
precipitated 

Per cent o( | 
total antibody 
N 1 

precipitated 1 

Total cross 
reacting anti- | 
body N in 

serum i 

' 

Antibody N 
precipitated by 
heterologous Tg 1 
from supernatant 
of homologous 1 
precipitation i 

Per cent 
of heterologous 
antibody N 
precipitated 

mf. 

mg. 


mg. 

ng. 



Anti-human Tg 17B serum 3.56j, 2.0 ml. 

Hog Tg used in cross reaction 

0-015(8) | 0.126 | 28 | 0 097 | 0.043 | 44 

Anti-hog Tg 12Ei serum 3.75i, 2.0 ml. 

Human Tg used in cross reaction 

0.015(8) | 0.082 I 17 | 0 084 | 0.035 | 42 

Anti-hog Tg 13Bj serum 2.6Is,2.0 ml. 

Human Tg used in cross reaction 

0.015(8) | 0.1Q6 | 27 | 0.093 | 0.041 | 44 


(Table VI) ratios of antibody N to Tg N (or antibody to Tg) as high 
as 12.9 were encountered. If it be admitted from the work quoted 
above that the ratio of the molecular weights of antibody to thyro- 
glohulin is approximately 150,000:700,000, or 0.21, the antibodyrTg 
ratio 12.9 would correspond roughly to the empirical composition Tg 
A, °' Ordinarily, however, the values for 2R, as shown in Table IV, do 
not exceed 8, so that most of the antibody present in a relatively 
smaller quantity of serum couid not form compounds of higher A 
content than approximately TgA, 0 . The equivalence zone ratios of 
bout 3 and 2 would then correspond roughly to TgA„ and TgA 10 
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while the ratio 0.4 in the region of excess antigen would indicate an 
empirical composition of about TgAj. The soluble compound or 
compounds in the inhibition zone in the region of large Tg excess 
would then have an equivalent composition between this and TgA. 
It is, of course, not intended to propose these as the chemical formulas 
of definite, isolable compounds, but they at least indicate the molecular 
composition of the precipitate at definite points or regions in the re- 
action range. The extraordinarily great range of combining propor- 
tions indicates, it is believed, a very large number of reactive groupings 
in or on the large thyroglobulin molecule. 

Adant and Spehl (14) and Snapper and Griinbaum (15) found no 
cross reactions between Tg and antisera to artificial iodoprotcins or 
between iodoproteins and Tg antisera. The latter workers also failed 
to get inhibition of Tg-anti-Tg precipitation by diiodotyrosine or 
thyroxine and concluded that these two substances do not exist as 
such in thyroglobulin. While we have also failed to observe inhibi- 
tion by these amino acids 7 we do not think Snapper and Griinbaum's 
conclusion justified. A simple calculation shows that even the large 
Tg molecule contains at most two or three thyroxine groups, not more 
than eight to twelve diiodotyrosine units, and much unsubstituted tyro- 
sine as well (21). It has been shown above that Tg contains possibly 
40 to 60 immunologically reactive groupings and while the iodinalcd 
amino acids are chemically the most distinctive and physiologically 
the most important, there is no reason for or against their being o: 
any significance in the serological reactions of the protein. More- 
over, the failure to effect a change in the reactivity of scrum albumin 
in anti-serum albumin sera by introduction of large arvlazo group* 
into at least a high proportion of the tyrosine molecules present in the 
antigen (8) indicates that chemical changes in the tyrosine grouping 
are not necessarily accompanied by pronounced changes in specificity. 

srarsiARY 

1. Quantitative data for both homologous and heterologous precipi- 
tin reactions of human, hog, beef, and sheep thyroglobulins sho.< ‘b-- 

7 The alcohol-insoluble portion of peptic and tryptic digests of Tit — - tr -' 
polysaccharide belated from Tg after alkaline hydrolysis failed either to pre- 
cipitate anti-Tg sera or to inhibit precipitation by Tg. 
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these reactions have the same mechanism as other instances of the 
precipitin reaction and may he expressed quantitatively by the same 
equations derived from the law of mass action. 

2. It is shown that all of the added antigen is precipitated in the 
region of antibody excess and in the equivalence zone, so that in these 
portions of the reaction range the composition of the specific precipi- 
tate may be calculated from the nitrogen precipitated and the amount 
of antigen nitrogen added. 

3. The thyroglobulin-antibody reaction is characterized by low 
antibody N to antigen N ratios, as would be expected with an antigen 
of high molecular weight. Molecular ratios varying from 60:1 to 
1:1 were calculated for the extremes of the reaction range, indicating 
a very large number of immunologically reactive groupings on the 
thyroglobulin molecule. 

4. Failure of thyroxine or diiodotyrosine to inhibit specific precipi- 
tation was confirmed, but it is shown that this need not mean 
that these substances do not occur in thyroglobulin, as has been 
claimed. 
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VARIATION IN THE SIZE OF TRANSPLANTS OF THE 
PROSTATE AND SEMINAL VESICLE IN THE 
ANTERIOR CHAMBER OF THE EYE 
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ROBERT H. MELCHIONNA, M .D. 

(From (he Department of Pathology of the New York Hospital and Cornell University 
Medical College , New York) 

Plate 3 

(Received for publication, May 27, 1937) 

The transplantation of tissue into the anterior chamber of the eye has been 
employed as an experimental procedure since 1873, but the increased interest in 
endocrinology in the past decade has led to greater use of this method. Schochet 
(1) revived the use of ocular or iridial transplants for a study of endometriosis, 
and Markee (2) developed methods for continuous study of the tissue in relation 
to physiological activity. The earlier literature is reviewed by Podleschka and 
Divorzak (3). Markee and Andersen (4) elaborated quantitative methods for 
measurement of the size of the transplants and recorded a series of changes with 
pregnancy. Markee, Pasqualetti and Hinsey (5) applied the method to a study of 
the effects of transection of the spinal cord on the endometrium. Recently, 
Buxton (6) and Haterius, Schweizer and Charipper (7) have successfully trans- 
planted the anterior lobe of the pituitary gland into the eye. * 

Despite a considerable number of published observations upon transplanted 
female accessory sexual organs in female animals, there is only one observation, 
that of Heckel and Kretschmer (8), on male accessory sexual organs in male 
animals. They found that the prostate could be transplanted to the eye in rab- 
bits and that the administration of the anterior pituitary-like hormone of preg- 
nancy urine increased the size of successful transplants. 

In the present report, methods of transplantation and variations 
in the size of seminal vesicular and prostatic transplants under normal 
conditions are described. In subsequent papers, the effect of paren- 
terally administered hormones and the correlation of the size of the 
transplant and the blood cholesterol will be given. 

Methods 

Chinchilla rabbits that weighed about 2000 gm. were used in all experiments 
acept in those with prepuberal animals, which were taken immediately after 
273 



274 


PP.OSTATIC AND VESICULAR TRANSPLANTS IN EVE 


weening. The diet was uniform and consisted of hay, oats, water and frc-- v . 
green vegetables. The experiments were conducted over a period of 15 month' 
and although the animal room was not at a constant temperature, no variation' 
attributable to season were noted. The rabbits were in separate cages, but in tb‘ 
same room were other rabbits, both male and female, as well as guinea pig?, 
rats and mice. If an animal contracted snuffles it was not used for experimental 
observations. All operations were carried out under ether anesthesia and the 
usual aseptic conditions. 

For transplantation, a small piece of the prostate or seminal vesicle was re- 
moved through a midline abdominal incision and placed in warm saline solution 
while the incision was closed. The sclera of the eye was grasped with a forceps 
and a small incision made into the anterior chamber at the sclcroeorncal junction. 
With a forceps or small eye spoon, a bit of tissue, not over 3 mm. in diameter, 
was placed in the anterior chamber at the posterior edge of the iris. No prelim- 
inary treatment of the cornea with antiseptics was used and no attempt was 
made to close the incision. After 2 weeks, about 60 per cent of the transplants 
were well vascularized and could be used for study (Fig. 1). 

Daily determinations of size were made by a photographic method (I'ig. 2). 
The rabbit was placed in a vertically sliding box attached to a counterweight so 
that the eye could be rapidly aligned with the microscope. A monocular micro- 
scope with the stage removed and a portable camera with a side observation tube 
were placed at right angles to the surface of the eye. A 400 watt carbon arc 
system with a planoconvex lens and a water filter was placed so that the incident 
ray struck the eye as nearly at a right angle as possible. With this system, satis- 
factory photographs were secured in 2 to 4 seconds of exposure, with a XS ocular 
and a X3.2 achromatic objective. The pictures were enlarged and the outhr.e 
of the transplant drawn. With a planimeter, the square area was determined 
and recorded on graphs. 

Histological study of the transplants in relation to the abdominal prostate 
and vesicles and the endocrine glands will be reported in a separate paper. As 
autopsy has been made on all animals and the transplants have been proven to U 

viable (Fig. 3). _ , t 

In Fig. 4 a series of daily photographs of the transplant in one animal illustrate'* 

the method used. f 

In order to determine the limit of error of the method, 19 photographs c. ore 
rabbit were taken over a period of 30 minutes. A statistical analyse c > 
measurements of these photographs was as follows: 

No. of observations 

Sum of observations 

Mean of observations 

Sum of squares of observations 

Standard deviation 

Coefficient of variation 


19 

7271 

3 - 2-7 

2,7E6,029 

13-4 

-? tC* 
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No differences in the behavior of the prostatic and vesicular transplants have 
been observed. 

RESULTS 

Variation in the Intact Animal — As shown in Text-fig. 1, there is a 
variation that exceeds two and one half times the standard deviation 
of the method and therefore must be considered significant. No 
regular recurrence or cycle of this variation was observed, even when 
it was studied over several months. Further, there is no sustained 



July August 1936 

Text-Fig. 1. The daily variation in size of bilateral transplants in a normal 
rabbit. 

growth since the transplants are of approximately the same size after 
8 months. When transplants are made into both eyes, the variations 
m the size of the two are directly correlated. This observation indi- 
cates that the change in size represents a physiological phenomenon 
and is related to the general condition of the animal. 

In addition to this deviation of from 20 to 40 per cent of mean size, a 
marked increase of size with eventual return to the original dimen- 
sions after 2 months was noted in one animal (Text-fig. 2). This 
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period was during the winter months and there was no adequate 
explanation of the change. The variation m size was characterized 
by gradual increase and precipitous decrease with a loss of as much as 
30 per cent of the total size in 24 hours, and occurred only once in 
eight rabbits, which were observed for from 6 to 8 months, and in 
fifteen which were observed for shorter periods. 

The Effect of Castration— In all mammals the removal of the testes 
(9) results in a decrease in the size of the prostate and the epithelium 
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Text-Fig. 3. The size from day to day of a transplant in a castrated rabbit 
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Text-Fig. 4. The size from day to day of a transplant in a prepuberal rabbit. 

and stroma undergo atrophy. This conclusion is entirely supported 
by the observations on eye transplants. There is a prompt fall within 
48 hours and after 10 days the size is approximately 40 per cent of the 
precastration average value. During the decrease, which gradually 
loses velocity, there are temporary periods of increase in size. After 
several months the irregularity in size from day to day is markedly 
diminished or absent (Text-fig. 3). This indicates that the testis is 
responsible for the daily variation. 

Transplants in Prepuberal Animals . — In rabbits in which the testes 
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are intra-abdominal or within the canal, variation is at a minimum. 
(Text-fig. 4). Because the accessory sexual organs of the prcpulxta! 
animal are not developed, this observation gives further confirmation 
to the conclusion that the internal secretion of the adult testis varies 
from day to day and that this variation is reflected in the size of pros- 
tatic transplants. 


DISCUSSION 

In an evaluation of the results outlined above, it is necessary to bear 
in mind that the tissue under investigation is in a position where it is 
deprived of the normal nerve and blood supply. With transplants 
in one eye, this “out-of-placeness” might be considered as an explana- 
tion of the variation, but the close positive correlation of the size of 
bilateral transplants makes it likely that the variation is the result of a 
general humoral change. The prompt decrease of size and lack of 
irregularity from day to day after castration and the minimal irregu- 
larity before puberty point directly to the testis as the source of the 
humoral substance. 

In view of the immense literature which has accumulated on the 
general topic of the endocrinology of the sexual organs, it is remarkable 
that variation in the male accessory sexual organs has not been pre- 
viously' described. In fact, C. R. Moore (9) states that “hormone 
production in mammals, not strictly seasonal breeders, appears to be a 
continuous process. . . .” The reason for this discrepancy is probably 
to be found in the methods employed for study'. The prostate and 
vesicles in the abdomen are held within a fibrous tissue capsule and 
surrounded by' other organs. In the anterior chamber, the small 
piece of tissue has no definite capsule and is suspended within a fluid 
which may be readily absorbed or secreted to allow for changes in size. 
The method described here is in all likelihood an extremely sensitive 
indicator of stimulation or depression and will reveal changes r.J. 
detectable by' the usual methods. 

The nature of the histological changes in the transplant is under 
investigation and will be described in a separate commun.cat. 
When the transplant is largest, the blood vessels are more con-p:cvj- ■ 
in number and size and no areas within the transplant app-.ar 
though acini had filled with secretion. Visible congestion and 
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haps an associated edema are sufficient to account for the changes 
observed. It cannot be denied, however, that contraction and relaxa- 
tion of the smooth muscle is also in part responsible. It is not related 
to local tissue hypersensitiveness, such as that described by Seegal 
and Seegal (10), since it is a continuous phenomenon and the sections 
which have been studied show no evidence of inflammation. 

SUMMARY 

1. A method is described with which the two-dimensional size of a 
transplant in the anterior chamber of the eye may be measured daily 
with a high degree of accuracy. 

2. The size of transplants of the prostate and seminal vesicles 
varies from day to day and objective evidence indicates that this 
variation is related to physiologically active testicular tissue. 
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EXPLANATION OF PLATE 3 

I V.. 1. Photograph of a rabbit to shorn the transplant in the rye. 

Tie.. 2. The apparatus used in these experiments. The details are explained 
in the feat. 

Pin. 3. A Jove power photograph of a transplant of prostate to show the tir.ue 
attached by a pedicle to the iris. Hematoxylin and cosin. X19. 

Pro. 4. A series of photographs of a transplant to illustrate the champs in its 
sire. The dates, from left to right, are Jan. 3, 13, 15, 23 and 30, 193". 
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Markee (1) with Schochet (2) first used transplants of tissue in the eye for 
physiological observations. With transplants of endometrium in the rabbit, 
they observed the color changes in the cstral cycle and the relation of the vascu* 
lar changes to muscular contractions (3). Later, Markee and Andersen (4) 
devised a method for measurement of the size of the transplants by camera ludda 
drawings and observed a definite series of changes during pregnancy. Litt (5) 
placed placental tissue in the eyes of pregnant rabbits and observed no effect on 
the subsequent lactation. After 30 days of growth and establishment of vascu- 
larity, there was gradual degeneration and absorption. Goodman (6) with 
horaoiotransplants of immature ovaries in intact and spayed male and female 
rats observed a number of physiological phenomena. A successful take in a 
spayed female was accompanied as a rule by regular cstral cycles. In the male 
rat, follicles were formed but corpora lutea did not appear unless extracts of preg- 
nancy urine were administered. The administration of the female sex hormone in 
the male and female was followed by complete or partial atrophy of the ovarian 
grafts. 


From this incomplete review of the literature, it is clear that, at 
least with certain organs, transplants in the eye are functioning viable 
tissues and may be used for physiological observations. With the 
photographic method which has been described in the preceding paper, 
it has been possible to follow accurately changes in the size of seminal 
vesicular and prostatic transplants under the influence of parenterally 
administered hormones in intact and castrated male rabbits. 


Methods 

The methods of transplantation and observations of size were identical with the 
procedure outlined in the preceding paper (7). The hormones used were those 
281 
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available on the market. .'Vs examples of tl;c gonadotropic sub.-txnce of p, 
nancy urine, the trade products of rntuitrin-S and follutein were employe!, i f-* 
female sex hormone mas represented by t hee’in and progynor. or pm;;yr.;-r 
The male <cx hormone was employed in the form of orcton or on-tor ft. if • 
alkaline extract of the anterior lobe of the pituitary was that commercially mv-.r* 
fr.cturcd by Squibb. I’roluton was the example of the hormone of the cerj.-.t 
luteum. The units shown on the graphs were tltose printed on the label' #rd is 
nl! instances conform to well recognired standards. Differences in the re-j-'me 
of seminal vesicular and prostatic transplants have not been observed. 

EXPERIMENTAL OPSERVATIONS 

Single Injections of the Gonadotropic Substance of Pregnancy t'rir.c in 
Intact Animats { Text-Pig . I ). — Following three injections each of Kid 



Trxr-Fjo. !. The sire of an ocular trar.-plar.t of thr prorate after ti.e injee- 
tier, of the gur.adotrcpic substance of pregnancy urine in an intact rabbit. 


rat units of this substance there is a prompt increase in size. maniF-t 
within 24 hours of the first injection and reaching a maximum ’■ t” 
bfi hours after trie third injection. The increa-e i- : rapid ard con- 
tinuous but during the subsequent <k crea-v in sire there are tlr.tu:- 
t which probably represent 5Uj-:rirr.:-'- ; ‘.-d normal fl ;:«.t 'fit 1 
The return to the pre-injection h-.el is rearhed in front 10 to 15 dy '• 
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animal a second series after 3 months gave a typical response but all 
other attempts have been unsuccessful. 

The Gonadotropic Substance oj Pregnancy Urine in Castrated Animals 
(Test-Fig. 2).— In castrated animals this substance in amounts up to 
300 rat units is uniformly ineffective and has no influence on the cas- 



Texi-Fig. 2. The effect of the gonadotropic substance of pregnancy urine and 
of the male sex hormone on the size of an ocular transplant of the prostate in a 
castrated rabbit. 



Text -Fig. 3. The size ot an ocular transplant of the prostate after an injec- 
tion of the male sex hormone in an intact rabbit. 

tration atrophy. This is true regardless of whether or not the animal 
has had a previous injection of the same substance. 

Male Sex Hormone in Intact Animals ( Text-Fig . 3).— The response 
of intact animals to the male sex hormone is difficult to evaluate 
because the response is slight and in many instances does not exceed 
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the observed normal variation of the animal. However, after tlncf 
injections of 2.5 mg. each, there is always an increase in sire on the 
1st or 2nd day following the first injection. The increase is rarely 
sustained and there may be a subsequent fall below the preinjection 
level. 

Male Sex Hormone in Castrated Animals ( Text-Fig . 2). — In contra u 
to the slight response in intact animals, the male sex hormone in 
castrated animals, in amounts up to 7.5 mg., will within 21 hours 
decrease the velocity of the castration atrophy and within 3 to ■! d.y.s 
restore the transplant to the precastration size. This restoration 
lasts for several days and the progressive decrease in size due to 
ca.stration does not again appear for 10 to 15 days. 

The Gonadotropic Substance of Pregnancy Urine aval Male Sex 
Hormone in Intact Animals. — The simultaneous administration o! 
these hormones in the amounts given above results in a prompt in- 
crease in size and a slow decrease to the preinjection level, identical 
with that of the gonadotropic substance alone. 

The Gonadotropic Substance of Pregnancy Urine and Male See 
Hormone in Castrated Animals. — In castrated animals which have not 
received injections of the gonadotropic substance there is a prompt 
increase in size, analogous in magnitude and velocity to that of the 
male sex hormone alone. 

Alkaline Extract of the Anterior Pituitary Gland in Intact AnitnaU. — 
This extract (three injections of 1 cc. each) evokes a prompt in crea'c 
in size within 24 hours after the first injection with a slow decre.w 
over a period of 2 to 3 weeks. The general features of the curve with 
a smooth increase and irregular decrease are similar to tho ; e fecure>. 
with the gonadotropic substance of pregnancy urine. Repeat*"', 
injections o? the extract give irregular responses but in general It- 
stimulation than the first injection. 

.Alkaline Extract of the Anterior Pituitary Gland in Castrate! d'"-' 
rials . — As in the experiments with the gonadotropic subttar.ee o 
pregnancy urine there is no response to the extract in castrate'- 
n n I rr* ri! 1 *. 

female Sex Hormone in Ir.taei Ar.imzh (Text-Fir. A}.— The UrxT 


h jmonc in three infections ec.ch o’. 2^/X) intern ttK 


,,, i ^ 


ccn?T>:cuou* sn size, 


usual!*.* flight in 21 hnun. ~ 
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,„ th. other hormones, the peek ot the reeet " > d „ rl „ E 

the last injection. Subsequent ecre , . ; followed b V a slower 

the « ■» — 

decrease over a period of 10 to 2U aa\s. 



Text-Fig. 4. The effect of the female sex hormone on the size of an ocular 
transplant of the seminal vesicle in an intact rabbit. 


the decrease is usually smoother than with the other hormones and 
shows only occasional and transient periods of slight increase in size. 
In one of 2 1 experiments in which this reaction has been tested, there 
was only a slight increase in size, followed by a decrease below the 
preinjection level. Both the increase and the decrease tv ere slightly 
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::rrat>-r limn tin- normal variation and were probably related to t!.. 
injection. 

Lemale Sex Hr nr. one in Castrated Animals. An inrrea-e in A:-:. 
entirely analogous to that in intact animals, results front the injection 
ot the same quantity of this hormone in castrated animals. Repeat) d 
injections in both intact and castrated animals result in respons e 
which in general show no evidence of tolerance or resistance, but (In- 
exact percentage increase in size is not always proportional to the unit' 
of hormone injected in amounts up to 2000 units. 

Male Sex Hormone and Female Sex Hormone in Iitlael and Castrated 
Animals. These two hormones in the above amounts injected sinuil- 



Tkxt-Fu.. 5 . Increased vascularity of a tran-plant after the injection *■ •*' 
female sex hormone. - 25 . (Photographs ori infrared plates after intravr.* ' 
injection of trypan blue.; 

tammi-ly provoke a respon-e in both intact and castrat'd anirr.A.- 
which in general is similar to that of the female sex hormone alone- 
Ctrt'us Luteal Hormone in Intact and Castrated Ar.imds. Is.' 
injection of this hormone, tip to .t international units, fail- to 
change in tin- size of the transjilant- eitiier before or after ca ; trat! ■ • 
Vascular Changes i.itl: Alterations in Size. Any irten a-- in rim * 
of tin. tran-rilant in the normal animal or a- the re-alt <a tin- n-p ' ’■ 
ot a r. t rr : s * \ - iciatvl with art incr-a-e m tin* numie 
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venous injection of trypan blue in order to secure a color with maxi- 
mum sensitivity on the infrared sensitized plates. 

Control Observations 

When the results described above are reviewed in the light of pre- 
vious investigations, it is certain that the responses are the result 
of the action of a hormone. However, there are several possible 
mechanisms which must be eliminated by control experiments. 

Foreign Protein Shock. — The elicitation of a slight to moderate 
inflammatory reaction in the eye or cornea with prompt healing follow- 
ing foreign protein injections is well known and frequently used in the 
treatment of corneal lesions. The work of Seegal and Seegal (8) 
on local tissue hypersensitiveness in the eye also points to the same 
general type of reaction. In order to eliminate this possibility, 
animals have been injected with an amount of human serum protein 
containing nitrogen equivalent to that contained in the injected 
gonadotropic substance from human pregnancy urine. There was no 
change in the size of the transplants and therefore this possibility may 
he eliminated as an explanation of the results. 

Hormones from the Same Species. — It may be said that the reactions 
are in part due to the fact that the hormones have been derived from 
another animal species and therefore give reactions not analogous to 
those in a normal animal. In order to eliminate this, implants of 
eighteen desiccated rabbit pituitary glands were made in one rabbit on 
3 successive days and a 25 per cent increase in size resulted. 

Focal Inflammatory Reaction. — It is not the purpose of this paper to 
detail the histological changes in the eye transplants, but sufficient 
evidence must be presented to eliminate inflammation as the cause of 
the increase in size. The injection of the female sex hormone results 
in hypertrophy of the smooth muscle fibers, and marked edema of the 
connective tissue, but no infiltration with cellular or other elements 
which would indicate an inflammation in the usual sense. 

DISCUSSION 

I he effects of the injection of hormones on the eye transplants, with 
the exception of that with the female sex hormone, are entirely in 
agreement with previous morphological and physiological observa- 
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lions and need not be discussed in detail. This agreement with othm 
studies indicates that the method is a reliable one and should be useful 
in other endocrinological investigations. 

The lack of response on repeated injections of the gonadotropic 
substance of pregnancy urine confirms the general thesis of resistance 
to successive injections of this hormone, but of course throws no 
further light on the mechanism of the resistance. 

The slight response to the male sex hormone in intact, as compared 
with castrated animals, is in support of the general thesis that a 
hormone is less effective in an animal that possesses adequate amounts 
of the functioning tissue elaborating the hormone. 

With this method there is no evidence of the synergistic action of 
the pituitary gonadotropic and testicular hormones which is observed 
in immature rats and mice. The explanation may lie in the fact that 
only adult animals were used. Likewise there is no evidence that the 
two sex hormones are antagonistic. This is an additional fact to lv 
added to those marshalled by C. R. Moore and Price (10) to clispo?'* 
of the older idea of a fundamental antagonism of the two sexes. 

The possibility of an effect of the female sex hormone in the male 
animal was first shown by Lacassagnc (11), who produced carcinoma 
of the male breast of mice by long continued injections. In the same 
animals (12), he noted an enlargement of the prostate and m-'cro- 
scopically found advanced atypical squamous metaplasia. 1 he diffuse 
increase in size is conspicuous and may cause urinary obstruction (! v- 
The enlargement has suggested that the female sex hormone may Ir- 
responsible, at least in part, for benign enlargement of the prostate ir. 


man (14), but no convincing proof has vet been given. Keren! 1; 
Zuckerraan and Groome (15) have studied a case of benign h>p'-*’ 
trophy” in a dog, in which the histological appearance was identi c 
with the changes induced in dogs by the injection of tv‘*ro£<r..c 
hormones. 

In none of the above observations are there described - 
within a few days after the hormonal injections analogous to U-' ‘ 
which are recorded in this parser, further studies are reee -. • 


relate the two types of reaction. 
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SUMMARY 

1. With a photographic method for the determination of the size 
of prostatic and vesicular transplants in the anterior chamber of the 
eye, it has been possible to follow continuously the response to an 
injection of a hormone. 

2. The results may be briefly summarized as follows: (a) One 
injection of the gonadotropic substance of pregnancy urine produces a 
moderate increase in size; (b) subsequent injections of this same 
substance for a period of at least 3 months are without effect; (c) an 
alkaline extract of the whole anterior pituitary gland produces a 
similar increase; (d) all pituitary derivatives are ineffective in the 
castrated animal; (e) castration brings about a decrease in size that 
gradually loses velocity; if) the male sex hormone produces a slight 
increase in intact, and a variable, at times conspicuous, increase in 
castrated animals; (g) the female sex hormone provokes a conspicuous 
increase in both intact and castrated animals; (It) the hormone of the 
corpus luteum has no effect; and (») there is no evidence of synergism 
of the pituitary and male sex hormones nor of antagonism of the male 
and female sex hormones in adult rabbits. 
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THE RELATION OF BLOOD CHOLESTEROL AND THE SIZE 
OF PROSTATIC AND VESICULAR TRANSPLANTS 
IN THE ANTERIOR CHAMBER OF THE EYE 

By ROBERT A. MOORE, M.D., and J. J. SMITH 
( From the Department of Pathology of the New York Hospital and Cornell University 
Medical College, New York) 

(Received for publication, May 27, 1937) 

The relationship of certain endocrine glands to the blood cholesterol is well es- 
tablished. Denis (1) found that in Graves’ disease there was hypocholes- 
teroiemia and the reverse in myxedema. Westra and Kunde (2) secured similar 
results in experimental animals, when the higher values in cretin rabbits were 
lowered by the feeding of desiccated thyroid. 

It has been dearly established by the studies of Slemons and Stander (3), 
Boyd (4) and others, that there is an increase in the free and total plasma choles- 
terol in pregnancy. Okey and Boyden (5) reported that the blood cholesterol 
was conspicuously and consistently lowered during or within a few days before 
menstruation. The attempt has been made, with doubtful success, to relate 
these changes in blood cholesterol to the available active cstrin in the body. 

In view of the conspicuous increase in the size of prostatic and 
vesicular transplants following injections of estrin in the male rabbit 
reported in the preceding papers (6, 7), it seemed desirable to investi- 
gate the level of the blood cholesterol during the period of the enlarge- 
ment. Since other hormones also caused enlargement, it was of 
interest to study these two factors under the influence of the male 
sex hormone and the anterior pituitary-like substance of pregnancy 
urine. 


Methods 

The procedures described in the preceding papers (6, 7) were used for the trans- 
plantation and measurement of the grafts in the eyes of male rabbits. Free 
cholesterol was determined according to the blood lipid methods of Kirk, Page 
and Van Slyke (8). Briefly, the method consisted in the carbon combustion of 
the material precipitated by digitonin from the alcohol-ether and petroleum ether 
soluble extractives of heparinized plasma. The carbon dioxide liberated by wet 
combustion was collected and determined by manometric methods. 

291 




nt> vr.sicrr.AK transi'kants in - r.vi: 
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y. Xo food was given for at least Ui hoars : 

Mood was collected from the ear vein into cal,!’ 
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• in which total lipid carbon was determined, showed 

^"fcoTeUrhetween this value and the size of the transplants. 
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Text-Fig. 2. Same as Text-fig. 1, except that the values for the blood choles- 
terol aie advanced 1 day. 

injection of the female sex hormone. The results m Text-fig. 2 are 
arranged so that the determinations of size, shown in Text-fig. 1, are 
advanced 1 day. There was a prompt increase of the blood cholesterol 
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level which was followed in 24 to 48 hours by an increase in sire of th? 
transplant, as described in the preceding paper. When the values fir 
each day were analyzed (Text-fig. I), the correlation coefficient was 
+ 0.091 with a probable error of 0.37. In sharp contrast was the corre- 
lation coefficient of +0.512 with a probable error of 2.25, when the 
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The Gonadotropic Substance of Pregnancy Urine.— la Text-fig. 3 
are the results in an intact animal, which had not received a previous 
injection. The transplant undergoes the usual response, which has 
been described, but there was no alteration in the cholesterol values. 
In the castrated animal neither the transplant size, nor the cholesterol, 
was significantly affected. 

Male Sex Hormone. — In the intact animal (Text-fig. 4), there was a 
slight increase in the size but no effect on the cholesterol in response 
to the male sex hormone. In the castrated animal, a moderate effect 



Text-Fig. 4. Transplant size and blood cholesterol with the injection of the 
male sex hormone. 


on the transplant was observed, but no change in the cholesterol 
values. 

Ingestion of Cholesterol. — Two animals were given by stomach tube 
0.5 gm. of pure cholesterol dissolved in sunflower oil, on 3 consecutive 
days. In both, there was an increase in the blood cholesterol com- 
parable to that which results from administration of the female sex 
hormone, but no significant alteration in the size of the transplant. 

DISCUSSION 

It is clear that of the three hormones, the male and female sex 
hotmones and the extract of pregnancy urine, which cause significant 
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changes in the size of vesicular and prostatic transplants in tl? r. 
only one, the female sex hormone, provokes a correlated incriv.\* c: 
blood cholesterol. It is also clear that the presence or absence o: tie 
testes is of no significance in this correlation. 

There are two possible conclusions: first, that the female r-vt hor- 
mone acts on two mechanisms to produce, on the one hand, ch'. re- 
in the prostate, and, on the other hand, alterations in the metab-dhra 
of cholesterol; and second, that a single effect in the rabbit is mani- 
fested in two different ways. The fact that other hormones produce 
indistinguishable increases in the size of the transplant but no eleva- 
tion of cholesterol, indicates that the former conclusion is correct. 
This is further supported by the observation that increase of Mood 
cholesterol by feeding does not carry with it changes in the transplant'. 


SUMMARY 

In male rabbits, injections of the female sex hormone result in 
marked increase in the size of ocular transplants of the prostate ar. ! 
seminal vesicles and a correlated elevation of the blood cholesterol 

Other hormones, which cause an increase in the size of the tram- 
plants, do not show this correlation. 

The ingestion of cholesterol with conspicuous increase of the bl»! 
cholesterol, has no effect on the size of the transplants. 
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With the possibility of cultivating whole organs in the Lindbergh 
apparatus (1) a new field in experimental biology has been opened up. 
During the last year numerous experiments with culture of the isolated 
thyroid gland have been carried out in this laboratory. The technique 
of operation and cultivation has been described in a previous paper (2). 
The present report deals with the morphological findings in more than 
a hundred cat and rabbit thyroids which have been cultivated for 
various lengths of time. 


Technical 

The animals were etherized and the thyroid gland dissected and inserted into 
the organ chamber of the Lindbergh apparatus as described by Carrel (2) . Either 
the right lobe was isolated for cultivation, while the left lobe was saved for imme- 
diate histological cultivation; or both lobes were dissected and cultivated sepa- 
rately. Generally, the culture medium contained 20 per cent homologous serum 
diluted with glucose-Tyrode solution; 5 mg. per cent phenol red was added as 
indicator. In many cases 40 per cent serum was used. As soon as the perfusion 
was stopped, the glands were removed and fixed for histological examination. 
Maximov’s Zenker-formol solution was used as the standard method for fixation. 
The material was embedded in paraffin, cut in short series at 5 microns and stained 
with hematoxylin-eosin, Heidenhain’s iron -hematoxylin and sometimes Hensley’s 
and Masson’s stains. In a number of cases small pieces were fixed and saturated 
according to the Ludford modification of the Mann-Kopsch osmic add technique. 
The Da Fano silver impregnation has been utilized but did not prove satisfactory. 

Effects of Perfusion on the Thyroid Epithelium 
During cultivation the thyroid gland does not show appreciable 
macroscopical changes, provided the circulation is kept at a normal 
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rate and no accidents occur. In the areolar connective tissue vl.kh 
envelops the gland, a considerable edema may develop due to ^dr. - 
collaterals; but neither docs this seem to affect the gland, r.«r r. it 
accompanied by any edematous state of the thyroid tissue itself. 

Microscopically, the gland may remain normal or show area; n 
which the cells are shrunken, the nuclei pvcnotic and the general a ;p:vt 
that of a nccrobiotic state of the tissue. Such alterations are r.'t 
uncommon. They may appear only as small spots, or they may take 
up a considerable part of the total amount of parenchyma. In the 
more extensive form, this condition is, however, of exceptional occur- 
rence. We have not been able to trace the cause of the damag’d 


state of small areas of the tissue. It is possible that minute particle* 
or small air bubbles which have been able to pass the filters, arc 
responsible for the appearance of such degenerated spots by causing 
small emboli. Anyway, the presence of such partial alterations d-v* 
not seem to influence the morphology of the remaining tissue. 

In our attempt to describe the histological and cytological aspect of 
thyroid glands after cultivation, we have found it convenient to 
arrange the material in groups: glands cultivated for less than 
hours; glands cultivated for 24 to 4S hours; glands cultivated for afoot 
1 week; and glands cultivated for more than 1 week. 

Cultivation for only a few hours will not bring about variation v '<■ 
the form and size of the thyroid vesicles. The colloid is as a rule rot 
affected, its stainabilitv and density remain unaltered and the nunner 
and size of vacuoles are practically the same as in the control glaz.-v. 
Tbe cells in some vesicles may show a very slight swelling, hut t. ; • 
is by no means a constant finding. As the structural aspect o: u.' 
cytoplasm is essentially the same whether the duration of the r -t: 
roent is 4 or 24 hours, we shall re-serve the descriptions of tne ■<: hr 
for the next group. 

In glands which have been cultivated over period? of bet''"' •• 
and 4S hours, the form and size of the vesicles is the fame a* 
control glands. The colloid is o: the same density and staw-J"— 
and the amount of vacuolization is only slsgntly inezeu • e- . • 
change is. however, not at ail constant and it is not prwer.t r- ■■ ■ 
vesicles. The vacuolization seem' to re i e ; liable to c-e-r i - -• 
lamer vesicle 1 with dense colloid ar.d flattened cell? man ir. t:-e 



299 


harald okkels 


units. Tbu 

vesicles, and espeaa y 0 tbe i argC r ones. This cellular 

liable to show the reaction tlia | f r0 m the ede ma- 

swelling is an increase in volume " “ don . It is much more 
tons state which may precede “ d J wWc h is obse rved during 
like the initial swelling of secretory activity . Not 

the first stages o > expenm of any given vesicle show the 



xmcr-rm. t. V--. hem 

^1^“’ o'^ic impregnation; Hcidenbab* hon-hematcrylin slain. 

same degree of swelling. Most commonly, only a few cells wide apart 
will react; 6 ' 11 vesides ^here most of the cells are cuboidal or fiat, the 
contrast between the swollen dear cells and their more deeply stain 

neighbors may be very striking (Text-fig. 1)- 

The mitochondria are cither of the filamentous or of the i short od- 
like type (Fig. 6). They are mostly well conserved and normally 
stainable in the preparations from glands cultivated for 8 1 ours 
The distribution and size correspond well with what is found m 
uncultivated gland from the same animal. The Golgi apparatus of 
the thyroid cells in glands perfused from 24 to 48 hours is reticular in 
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CivVcly 

5tir.ru! 


slnpc and its localization and general structure is the sane a.-. ir. ;!- 
control glands (Fig. 3). It is interesting to note that precisely ir {'- 
type of swollen cells mentioned above, the Golgi apparatus is r 
panded and partially disintegrated in a manner which 
scmblcs that which is observed during the first phase of 
activity of the thyroid cells. The reticular material is much Jwr 
than usual and small fragments of the filaments — not gran tiles • 
floating in the clear swollen cytoplasm of the supranuclear repot 
the cell. 

The blood vessels and the mesenchyme do not show any sure r?:r.t 
of alterations due to perfusion during 1 or 2 days. 

Cultivation of the thyroid gland for about 1 week need not 
the general histology of the gland. The size of the vesicles may riv 
a tendency to increase. The colloid may show a somewhat hie!.'' 
degree of vacuolization and, in some vesicles, a different stainahi! 
compared with the lobe fixed immediately after the death of the ani- 
mal. Generally, the gland is in a morphologically good roradit: 
Cytological examination reveals, however, that structural chav- 
have actually taken place during the experiment. The jnitocfcor.dr.! 
are mostly granular or indistinct, and the Golgi apparatus ders r.> - 
show a filamentous or reticular shape any longer; instead, an aocurrv 
lation of osmiophile droplets is seen to coincide with the Golgi z-W 
the cytoplasm. It seems as if the finer cytoplasmatic structure 1 
gradually undergo degeneration during the last part of the ww 
perfusion. It should be noted, however, that these change? (h r - 
interfere with the life of the cells; positive epithelial culture-'- car. 
obtained from thyroids perfused for IS or 21 days. Po-uh!;.' 
violent osmotic changes and the coagulation due to fixation are hv - • 
to cause more considerable disturbances in the cytoplasm exjiO/n >’ ■ 
several days to artificial and not entirely adequate nutritional o. - - 
tions than is the case during the usual process of fixation In 
taken immediately from the animal. The blood vessels do r.vt 
sure signs of alterations. Hut the mesenchyme rnny show 
proliferation, the degree and type of which is, however, highs/ v?.n w ' 
Cultivation of tiic- thyroid gland for several weeks b jwr 
the gland is transferred ever,' week to another pump -- *• 


upply of jk 


sion fluid. After 1 


aor.th. tire th*» 
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retain the histological features of a normal gland. The epithelium 
seems to assume an aspect of inactivity, the cells are flattened, and 
the colloid may be very dense and abundant (Fig. 4). The number 
of such experiments of long duration is, however, too small to enable 
us to put forward any complete statement of the morphology of this 
particular group. 

Because of the considerable variability of the structure of cat and 
rabbit thyroid glands, both lobes should always be matched in 
experiments with culture of the isolated gland; one side to be used 
for the experiment, the other as a control. The fact that the process 
of perfusion is liable to bring about certain structural changes in the 
thyroid epithelium makes such an arrangement even more important. 

Effects of Simulation on Isolated Thyroid Glands 

The process of cultivation, and especially changes in the composi- 
tion of the perfusion fluid (notably the admixture of certain substances 
to the medium, as for example Witte’s peptone), has the effect of 
inducing to a more or less marked degree an increase and probably a 
stimulation of the secretory elements. Biochemically, certain changes 
in the secretory activity can be detected. The results of the iodine 
analysis of different glands and the corresponding perfusion fluids will 
be published later. 

As a method of stimulating the thyroid cells under well known 
experimental conditions, we have utilized the thyro-stimulating factor 
from the anterior pituitary. We have used the preparation of Collip, 
commercially prepared by Ayerst, McKenna and Harrison. The 
preparation was first tested on guinea pigs and we satisfied ourselves 
that a dose of 1 cc., injected subcutaneously, was able to release a very 
marked histological and cytological reaction in the thyroid gland of 
these animals. A great number of cat and rabbit thyroid glands 
were then cultivated under various experimental conditions in order 
to observe the effect of the pituitary stimulation upon isolated thyroid 
glands. Either the thyro-stimulatingfactor was added to the medium 
at the beginning of the experiment, or the gland was cultivated for 24 
hours and then the dose of thyro-stimulating factor was added. Or 
else pituitary extract was added at once and then, after 24 hours, 
another dose was added to the medium. The amounts utilized have 
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been 1 to 2 cc. The duration of the experiments has been from 3 hour? 
to 6 days. While one lobe has been cultivated for the experiment, 
the other lobe has always been perfused in another pump as a control. 

Generally, the response of the thyroid epithelium to the stimulation 
has been similar, if not identical, to that observed in the living animal. 
In the preparations from glands cultivated for 24 hours, in which tire 
thyro-stimulating factor has been added at the beginning of the 
experiment, there is a considerable vacuolization of the colloid, its 
stainability is often diminished and the size of the vesicles seems to be 



Text-Fig. 2. Vesicle from rabbit thyroid gland, perfused for 24 hours with ■>' 
per cent serum in glucose-Tyrode solution plus 0.8 per cent anterior pituitary 
extract, showing vacuolization of colloid, swelling of epithelial cells and inert-. - 
of the Golgi apparatus. Osmic impregnation; Heidenhain’s iron-heroatoiji— 
stain. 

slightly decreased. There is, as a rule, a considerable swelling ot the 
supranuclear regions of most of the thyroid cells (Fig. 5), and initoti - 
activity may be observed (Figs. 1 and 2). The mitochondria 
increased in size and definitely filamentous. The Golgi apparatus- 
is increased in size and is often of a distinctly reticular shape. \ f 
appear both in the Golgi zone and in the basal regions of the epith 

cells (Text-fig. 2). _ ^ 

There are, however, differences between the morphologies! as 1*^ 
of pituitary thyro-stimulation during perfusion and the corrcspoc 
reaction in the living animal. First, the reaction in the isolate r , -• 
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is never so pronounced as in the gland in situ ; the degree of the cellular 
response and the uniformity of the tissue affected is inferior in the case 
of the cultivated glands. Next, there is a difference in time. In the 
living animal the thyro-stimulation with the pituitary factor takes 
place very quickly, so that the tremendous cytoplasmatic swelling 
which is characteristic of the initial stage of the rcabsorptive phase of 
thyroid activity, occurs inside the 1st hour after stimulation; and 
during the following hour the intense vacuolization and release of the 
colloid material is evident. In the culture experiments, the cellular 
reactions maj' be comparatively slight, even 3 or 4 hours after the 
introduction of the thyro-stimulating factor. 6 to 8 or 10 hours later, 
the cellular stimulation is fairly well established. The state of mor- 
phologically increased secretory activity is, as a rule, plainly evident 
during the next 1 or 2 days. Even in experiments in which the 
thyroid gland has been cultivated for 6 days, there may be a consider- 
able difference between the stimulated and the control gland. But the 
reaction does at that time show a tendency to diminish. Whether this 
is due to disappearance of the thyro-stimulating factor; whether it is a 
sign of exhaustion on the part of the thyroid cells; or whether the 
slowing down of the reaction is caused by an accumulation, in the 
medium, of active iodinized compounds, which in turn may react upon 
the thyroid epithelium and thus cause a differential mechanism, 
antagonizing the action of the pituitary factor, cannot be determined 
at present. Specially designed experiments are needed to elucidate 
this particular problem. But there is a definite response to the thyro- 
stimulating pituitary factor on the part of the thyroid epithelium, 
and the reaction seems to be fundamentally the same as that observed 
in the living animal. 


CONCLUSIONS 

1 . During the 1st and 2nd day of cultivation of the whole thyroid 
gland in the Lindbergh apparatus, perfused by a medium containing 
20 or 40 per cent homologous serum diluted with glucose-Tyrode, 
the state of the thyroid epithelium remains histologically normal and 
even the most delicate cytological details retain their normal aspect. 

2. Cultivation over a period up to 6 days need not cause any serious 
histological alteration of the gland; but cytological examination 
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reveals an increasingly damaged condition of the mitochondria and 
the Golgi apparatus. These changes seem not to interfere with the 
life of the cells, however; epithelial culture from the perfused organs 
yields positive results. 

3. The process of cultivation is liable to cause a slight moqihological 
reaction in the thyroid epithelium, which resembles a feeble stimula- 
tion of the tissue. 

4. Addition of the th)To-stimulating factor from the anterior pitui- 
tary to the perfusion fluid causes a stimulation of the cultivated 
thyroid epithelium which is comparable to, but not so marked as, the 
corresponding reaction in the living animal. 
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EXPLANATION OF PLATES 
Plate 4 

Frc. 1. Left thyroid gland from rabbit (Experiment 428 L), perfused for 45 
hours with 40 per cent scrum in glucose-Tyrode solution. Plenty of colloid; prac- 
tically no vacuolization; epithelial cells cuboidal. Fixation: Zcnker-formo! solu- 
tion; Hcidenhain’s iron-hematoxylin stain. X 700. 

Fig. 2. Right thyroid gland from same rabbit as in Fig. 1 ; perfused for 4S hours 
with 40 per cent serum in glucosc-Tyrodc solution plus 0.8 per cent thyro-iticra- 
lating factor. Vacuolization of colloid; hypertrophic epithelium (note milaM 
figure); mitochondria very distinct. Fixation: Zcnkcr-formol solution; Ifeiden- 
hain’s iron-hematoxylin stain. X 700. 






Plate 5 

Fig. 3. Normal shape and size of Golgi apparatus in thyroid cells from a rabbit’s 
gland cultivated for 24 hours in 40 per cent serum plus glucosc-Tyrode solution. 
Osmic saturation (Ludford’s modification). X 900. 

Fig. 4. Right thyroid gland from cat (Experiment 367 L), perfused for 1 month 
with 40 per cent scrum plus glucose-Tvrode solution. Plenty of colloid; not much 
vacuolization ; flattened epithelial cells. The structure of the left gland, which was 
not cultivated, was that of a very active thyroid parenchyma, with small vesicles, 
highly vacuolizcd colloid and low columnar epithelium. Fixation: Zcnkcr-formol 
solution; hematoxylin-eosin stain. X 240. 

Fic.. 5. Vesicles from rabbit thyroid gland cultivated for 24 hours with 0.S per 
cent thvro-stimulating factor added to the perfusion fluid. Slight reaction of 
epithelium; swelling and vacuolization of the supranuclear cytoplasm in a few 
cells. Fixation: Mann-Kopsch solution; Heidenhain’s iron-hematoxylin stain. 
X 900. 

Fig. 6. Vesicles from rabbit thyroid gland cultivated for 24 hours with 0.8 per 
cent thvro-stimulating factor added to the perfusion fluid. Considerable reaction 
with many swollen epithelial cells: the mitochondria arc distinctly filamentous 
(note the white arrow). Technique and magnification as in Fig. 5. 
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Seven years ago a considerable impetus was given to research on the 
biology of the thyroid gland by the use of extracts from the anterior 
pituitary. Soon, however, confusion arose on account of the peculiar 
refractoriness which animals treated with thyro-stimulating pituitary 
extracts for long periods are liable to develop. Today the study of 
this refractory state has become a major issue in thyroid biology, as 
well as in endocrinology generally. 

Several investigators have shown that the initial hyperplasia of the thyroid 
gland produced in animals by the administration of the thyro-stimulating factor 
from the anterior pituitary may regress and involute to the colloid atrophic state, 
in spite of continued treatment. Similarly, the metabolic rate, after an initial 
rise to a maximum on the 7 th to the 14tli day, falls to normal or below. The 
mechanism whereby this regression in thyroid activity is brought about is unknown 
and the published observations and various explanations forwarded by different 
workers disagree to a very large extent. Some authors have suggested that the 
refractoriness may be the result of an exhaustion of the thyroid parenchyma. 
Others assume that specific neutralizing substances are formed and circulate in 
the blood of the refractory animals. 

Collip and Anderson (1) have advanced the so called antihormone theory. 
According to their view, there may be an antagonistic principle for each hormone 
which is not the result of an antigen-antibody response but is a true hormone in 
every way. Collip (2) has lately declared that possibly the antihormone theory 
should be applied only to the trophic (pituitary) principles. He admits that 
theoretically a resistant state may be due to a variety of causes, but he stresses 
the point that the condition is transferable, i.e. through serum injections into test 
animals. Blood serum of guinea pigs which have become resistant to the effects 
of anterior pituitary extract neutralizes these extracts when injected into normal 
305 
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guinea pigs. Leo Locb (3), Werner (4) and others were unable, however, to find 
inhibitor,- properties in the serum, using the technique of Collip. Werner found 
that different pituitary preparations, all of them potent thyro-stimulators, have a 
different ability to induce a refractory state. Katzman, Wade and Doisy (5) were 
unable to develop a refractory condition in rats by implanting homologous fresh 
pituitary glands during 9 months. This observation is in keeping with e.tpeti- 
ments carried out by Krogh and Okkels. Crude pituitary extracts are less liable 
to cause a state of refractoriness in guinea pigs than arc highly purified prepara- 
tions; further, in long duration experiments an administration of thyroxin to 
refractory animals is followed at any time by the characteristic rise in metabolism. 

Collip and his collaborators claim that refractoriness is bound to develop if 
only the treatment with the thyro-stimulating factor is continued long enough; 
and whenever a refractory' state has been reached the condition is claimed to le 
transferable. Scowen and Spence (6) have been able to confirm Collip’s observa- 
tions; at the same time these authors found no evidence of exhaustion of the 
thyroid cells. 

Parkes and Rowlands (7) and others have reported experiments which seem 
to fit in with the antihormone theory. They found that an antigonadotrop;c 
serum, procured by injecting gonadotropic pituitary' factor into rabbits over a 
period of 2 months, will completely' inhibit the effect of the specific action of the 
anterior pituitary extract on the gonads; such scrum may be said to effect passive 
immunization against the secretion of the animal's own pituitary- 

The site of formation of the inhibitory' principles is unknown. Neither the 
thyroid nor the hypophysis seems to form inhibitory substances which pass our 
into the blood. At one time the adrenal cortex was named as a possible source o, 
antihormonc during refractoriness. Recently, Gordon, Klcinberg and Chanppe- 
(8) have found evidence which points to the spleen as a source of the antigonado- 
tropic principle, results which they interpret as a manifestation of reticulo- 
endothelial activity. 


To our mind, the problems posed by the antihormone theory 
especially with regard to thyroid activity — are to a large extent 
focussed in the two questions: 

1. Does a “cyiological immunity” exist during the state o- re- 
fractoriness such that the thyroid epithelium itself is unable to respor.r 
to any' further stimulation by pituitary extracts? 

2. Is the scrum from refractory animals able to render normal 
roid cells immune to stimulation by anterior pituitary extract. 

In order to answer these questions, we designed the following p— r- 
of experiments on isolated thyroid glands, cultivated in the Lindbw 1 
apparatus (9, 10). 
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thyroid lobes of each animal were always matched as experimental and centre! 
specimens. 

All the rabbits were maintained on a non-goitrogcnic diet. 27 were t rente! 
with the thvro-stimulating pituitary factor. The extract was prepared by Avers!, 
McKenna and Harrison, according to Collip’s directions and standardized to a 
potency of 50 units per cc. Before the injections were started, we did, however, 
test different samples of the extract and satisfied ourselves that 1 cc. will bring 
about a very marked morphological reaction after 1 day in the thyroid of the 
guinea pig. 

Each rabbit was injected with 3 cc. subcutaneously every 2nd day during the 
1st week of treatment; then 3 cc. every 3rd day, until 30 cc. had been given. Then 
the dose was reduced to 1.5 cc. every 4th day during the remaining preparatory 
period (about 2 months), at the end of which time each animal had received 45 to 
50 cc. of the pituitary’ extract. The weight of the rabbits showed a sharp decline 
during the first 2 weeks of the treatment; in 22 of the cases the weight increased 
during the next 2 or 3 weeks until a level was reached which was definitely higher 
than the initial one (Text-fig. 2); during the last weeks of the experiments the 
weight of the animals remained practically’ constant. The histology of the 
thyroid glands of the 5 animals which failed to develop resistance to the pituitary 
extract showed the usual hyperplastic state of the parenchyma. The histology 
of the thymoid glands (unperfused, negative controls; animals bled) from the 
larger group showed, with the exception of 1 case, a considerable increase in coHon. 
and an atrophic state of the epithelium (Fig. 1). The rate of metabolism was no! 
measured, but we believe that the weight charts, together with the histological 
findings, can be explained only by assuming that the 22 rabbits had developed 
refractoriness to the thyTro-stimulating factor. 

Cultivation . — Several batches of rabbits were prepared for the experiments 
As soon as the treatment of one group had been completed, the animals v.e.e 
operated upon. Some of the treated rabbits were etherized and the thyro-'-s 
dissected for perfusion. 1 Others were etherized and bled to death, the blood be:.- 
saved in the freezing box overnight to prepare the special culture medium mrL- 
normal rabbit thyroid glands (see Text-fig. 1). In all cases the perfusion 
consisted of 40 per cent rabbit serum diluted with glucose-Tyrodc solution 
5 mg. per cent phenol red as indicator). As a rule the thyroid glands were cu...^ 
vated only over a period of 24 hours, preliminary study having shown that no s --- 
signs of cytological damage occur during the first 24 to 4S hours of pc 
(Fig. 4). At the same time 24 hours are amply sufficient to permit the mc.j - 
logical effect of the thyro-stimulation to develop. _ __ 

IIisto!o~iccl Methods. — When the circulation was discontinued, the pump-) J- 
opened and the glands fixed in Zenker-formol solution and in I.udforo s cc .. . 

1 All the animals were operated upon by Dr. Carrel. For details 
the technique of dissection and the working of the apparatus, the rea--- *• 
ferred to Lindbergh (9) and Carrel (10). 
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tion is induced experimentally'. Therefore, it is imperative that the microscopic?.! 
examination of thyroid glands, such as the ones with which we are concerned in 
the present series, is carried out with due consideration to this obvious source cl 
error. In our own case, the following estimates as to the degree of secretory activ- 
ity in the different thyroid glands are based upon observations of topographically 
corresponding areas of the tissue in matched pairs of experiments. The prepara- 
tions have been compared again and again, and in many cases several observers 
have independently examined the same slides. In cases in which degenerated 
areas of the perfused glands were of considerable extent, new series of sections 
were made to secure a correct morphological estimate of the functional state of the 
tissue. 


RESULTS 

The characteristic histological feature of the thyroid gland during 
the refractor}' state is a distention of the vesicles, an accumulation 
of very dense colloid, and a considerable flattening of the epithelium 
(Text-fig. 3). Just as the normal thyroid tissue will react to the 
process of perfusion (12) by developing a slight swelling of the epi- 
thelium of the central parts of the gland, so is the thyroid of a re- 
fractory animal liable to undergo a slight change during cultivation 
in the Lindbergh apparatus. There again, it is chiefly the central 
parts of the gland which are affected; furthermore, the change is only 
a slight one, causing the thyroid cells to assume a more cuboidal shape. 
Vacuolization of the colloid is exceptional. If, however, thyro-stimu- 
lating pituitary' extract is added to the medium, a considerable mor- 
phological reaction is observed in the epithelium of the refractory 
thyroid gland. In several cases this reaction has been comparable 
to that taking place in normal glands during hormonal stimulation 
(Text-fig. 4). Only once (Experiment 499) was this effect very slight 
(Figs. 5 and 6). As a rule the isolated thyroid glands from refractory 
rabbits responded to the stimulating effect of anterior pituitary extract 
by a definite swelling of epithelial cells over large areas of the paren- 
chyma, by enlargement of the Golgi apparatus and by an extent •<- 
vacuolization of the colloid (Figs. 7 and 8). 

In the experiments in which the possible neutralizing effect of tie 
serum from refractory animals was tested on isolated normal tny 
glands, the observations were less consistent. In 3 of the expersrr.-. 
we found practically the same degree of hypertrophy and increase-- 
cellular activity in both lobes of the thyroid (Figs. 11 and 12). f n 
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Text-Fig. 3. In spite o! the fact that the thyroid parenchyma is atrophic 
during the condition of refractoriness, the Golgi apparatus is quite distinct and 
easily impregnable with osmic add. 



Text-Fig. 4. When the thyroid epithelium of glands from refractory rabbits 
responds to pituitary stimulation, the swelling of the cells and the increase of the 
Golgi apparatus^raay be considerable (compare with Text-fig. 3). 
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TABLE I 

Response of Perfused Rabbit Thyroid Glands to Stimulation by Anterior 

Pituitary Extract 


No. 

Nega- 

tive 

control* 

Positive 

controls 

Experiments 

Amount 

anterior 

pituitary 

extract 

Remarks 

Thyroid Glands from Refractory Rabbits 

486 

4S7 


0 

+ 

cc. 

2 


488 

489 


+ 

++ 

2 


496 

497 

0 

(+) 



Perfused for 22 hrs. 

Not cultivated 

498 

499 


0 

+ or 0 

2 

Epithelium very atrophic 

525 

526 

+ 


++ 

4 

Not cultivated 

2 cc. anterior pituitary extract frr 
22 hrs. + 2 cc. for 5 hrs. Total: 
4 cc. for 27 hrs. 

531 

532 


+ 

++ 

2 


533 

534 


0 

+ 

2 


540 

541 


+ 


2 


542 

543 


0 

t 

++ 

2 



0 indicates a morphologically inactive tissue of the colloid type. 

-f to -f-f 4 . indicate varying degrees of morphological activity. ^ 

The concentration of serum xvas 40 per cent in all cases. The arr.o.-- 
perfusion fluid 230 cc. . 

Where nothing special is indicated in the last column of the table t *e *•— * 
of the esperiment vras 24 hours. 
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TABLE 1 — Concluded 


No. 

Nega- 

tive 

controls 

Positive 

controls 

Experiments 

Amount 

anterior 

pituitary 

extract 

Remarks 

Normal Thyroid Glands Perfused with Serum from Refractory Rabbits 





cc. 


490 


+++ 


2 

Considerable degeneration 

491 



+ 

2 


494 


+++ 


2 

Considerable degeneration 

495 



i +++ 

2 


500 


++ 


2 


501 



+ 

2 


527 


+++ 


1 

1 cc. anterior pituitary extract for 






3 hrs. 

528 



++ 

i 

1 cc. anterior pituitary extract for 






24 hrs. 

535 


++ 


2 


536 




2 


546 


++ + 


2 


547 



+++ 

2 



case (No. 528) the morphology of the lobe perfused by antiserum 
showed a less active state than the corresponding control. In the 
remaining 2 experiments of the group (Nos. 491 and 501), the controls 
were definitely more active morphologically than the glands perfused 
with antiserum; probably, therefore, an inhibitory effect had been 
achieved here (Figs. 9 and 10). 

All the positive controls in this experimental group showed distinct 
histological signs of considerable secretory activity, as would be 
expected in cases in which normal thyroid glands perfused with normal 
serum were exposed to the stimulating effect of a potent extract from 
the anterior pituitary. 

The degree of the morphological reactions observed in all the per- 
fused glands is indicated in Table I, where both groups of experiments 
and the results are recorded. 
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DISCUSSION 

The histological examination of perfused and stimulated thyroid 
glands from refractory rabbits shows that the thyroid epithelium 
itself is not unable to respond to the stimulation by pituitary extract 
during the state of refractoriness in the animal. We must, therefore, 
answer in the negative the first question put in the introduction of this 
paper: There is no evidence for the existence of a cytological immunity 
of the thyroid epithelium in rabbits which have been rendered immune 
to the action of the thyro-stimulating factor from the hypophysis. 
The thyroid epithelium may be very atrophic — exhausted — during 
the state of refractoriness. But the thyroid cells of the isolated 
gland can be made to respond to pituitary stimulation within 24 hours 
when cultivated. 

The second question, whether the serum from refractory rabbits is 
able to antagonize the effect of the thyro-stimulating factor from the 
hypophysis, is only partly answered by our results. In 3 out of 6 
cases, no sure signs of any antagonism between the antiserum and the 
pituitary extract were observed. It would seem as if the antiserum 
in the remaining 3 cases had inhibited the action of the thyro-stimu- 
lating factor upon normal thyroid cells. But the serum did not 
neutralize the effect of the pituitary extract completely. And the 
degree of inhibition was surprisingly small, considering the large 
amount of serum utilized in each experiment. 

In view of the fact that the thyroid cells themselves, as the first 
group of experiments show, are not fundamentally changed by the 
state of refractoriness as concerns their ability to react morphologically 
upon pituitary thyro-stimulation, it seems logical to assume either 
that the inhibitory effect of the antiserum is a simple quantitative 
matter of neutralization, or that an extra-thyroid mechanism is 
involved. The first assumption is hardly tenable. If we suppose 
that inhi bition is determined simply by the amounts of antagonistic 
principles — the antihormone and the pituitary extract actua > 
present as a mixture in the perfusion fluid, it is hard to explain vhy 
similar experiments in living animals imply admixture of only a very 
much smaller amount of antiserum to obtain a complete neutraliza- 
tion. It should be remembered that in each of our experiments a 
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least 80 cc. of serum from refractory animals were made to react upon 
one single lobe of thyroid gland in an attempt to counteract the effect 
of 1 or 2 cc. of an anterior pituitary extract. Scowen and Spence (13) 
have been able to prevent the occurrence of thyroid hyperplasia 
in guinea pigs by injecting subcutaneously 2 cc. of antiserum against 
1 cc. of an active anterior pituitary extract given intrapcritoneally. 
Similar results were obtained in rabbits. These investigators believe 
that the neutralizing substance is a hormone and not an antibody 
formed against a foreign protein. 

All the same, in the experiments on the isolated thyroid gland, and 
with the use of much greater amounts of scrum, it is possible to obtain 
only a comparatively small inhibitory effect, or none at all. Prob- 
ably, therefore, organs or tissues other than the thyroid epithelium 
are involved in the mechanism underlying the phenomenon of re- 
fractoriness to the thyro-stimulating factor. It should be noted in 
this connection that the isolated, perfused thyroid glands cannot 
always be considered completely deprived of their nerve supply from 
sympathetic ganglia; and nerve cells have been observed to remain 
histologically normal during perfusion in the Lindbergh apparatus 
for a considerable length of time. Very little is known concerning the 
interrelationship between the nervous system and the thyroid, but 
living nerve tissue may actually be present in some of the perfused 
thyroid preparations. Whether this is of any significance as far as 
our particular problem goes, it is impossible to decide at present. 

SUMMARY 

1 . Perfusion of isolated thyroid glands from rabbits, made refractory 
to the action of the thyro-stimuiating factor from the hypophysis 
by repeated injections for 2 months, has shown that in this condition 
the thyroid epithelium responds to pituitary stimulation. 

2. The serum from refractory rabbits does not neutralize completely 
the thyro-stimulating effect of anterior pituitary extract upon an 
isolated normal thyroid gland. 

3. It is believed that tissues other than the thyroid play a r61e in 
bringing about the phenomena which have been described as refractori- 
ness against a prolonged action of the thyro-stimulating pituitary 
factor. 
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EXPLANATION OF PLATES 
Plate 6 

Fig. 1. Uncultivated thyroid gland from refractory rabbit. Abundant colloid, 

practically no vacuolization; very atrophic epithelium. Fixation, e ' er 
solution. Heidenhain’s iron hematoxylin stain. X 650. . _ . rnlloid 

Fig. 2. Histology of normal rabbit thyroid gland (Experiment 428 , 

type) for comparison with Fig. 1. Same technique and magnification. 

Fig. 3. Right lobe of uncultivated thyroid gland from rabbit (Expenm ^ 
showing atrophy of the epithelium during refractoriness. Same te 

magnification as Fig. 1. .... ■ u:_ ? CEmeri- 

Fig. 4. Left lobe of the thyroid gland from the same rabbit as in I g. 

ment 496 L), cultivated for 22 hours with 40 per cent serum plus *f UC °f Js no 
solution. The size of the epithelial cells is somewhat mcreased but tnere 
vacuolization. Same technique and magnification as Fig. 1 . ra bbit. 

Fig. 5. Experiment 498 L. Atrophic thyroid gland from a refr ^ 

Duration of cultivation, 24 hours. The cells are flattened and the 
vacuolated. Fixation: Zenker-formol soiutionjheinato^lin-eosin. ^ M 

Fig. 6. Experiment 499 L. Other lobe of thyroid gland from sam 
in Fig. 5. Duration of cultivation: 24 hours; 2 cc of th^o-s^ Wactor^ 
added to the perfusion fluid. Example of very sight s ^ M ; n the 

Table I). The general histological aspect of the gland is Histo- 

control, but there is a definite increase of the fine vacuoles in 
logical technique and magnification as Fig. 5. 






Plate 7 


Fig. 7. Experiment 542 L. Histologically inactive thyroid gland from re- 
fractory rabbit. Same technique and magnification as Fig. 5. 

Fig. 8. Experiment 543 L. Other lobe of thyroid gland from same animal as 
•in Fig. 7. Medium degree of response to stimulation by anterior pituitary extract. 
Same technique and magnification as Fig. 5. 

Fig. 9. Experiment 490 L. Hyperplastic thyroid gland from normal rabbit. 
Typical effect of thyro-stimulating pituitary factor. Same technique and mag- 
nification as Fig. 5. 

Fig. 10. Experiment 491 L (perfused with antiserum). Other lobe of thyroid 
gland from same animal as in Fig. 9. The effect of the thyro-stimulating factor 
is very considerably inhibited. Example of maximum effect of the antiserum; 
compare with Table I. Same technique and magnification as Fig. 5. 

Fig. 11. Experiment 546 L. Hyperplastic thyroid gland from normal rabbit. 
Typical effect of thyro-stimulating pituitary factor. Same technique and mag- 
nification as Fig. 5. 

Fig. 12. Experiment 547 L (perfused with antiserum). Other lobe of thyroid 
gland from same animal as in Fig. 11. The tissue shows about the same degree 
of hyperplasia and stimulation. Same technique and magnification as Fig. 5. 













IMMUNIZATION OF GUINEA PIGS WITH A MODIFIED 

STRAIN OF LYMPHOCYTIC CHORIOMENINGITIS 
VIRUS 

By ERICH TRAUB, V.M.D. 

(From the Department of Animal and Plant Pathology of The Rockefeller 
Institute for Medical Research, Princeton , N. J.) 

(Received for publication, April 16, 1937) 

Two strains of lymphocytic choriomeningitis virus obtained in 1935 
from naturally infected stock mice have been used for experimental 
work in this laboratory. These strains were highly virulent for 
guinea pigs when isolated. The present paper deals with the effect 
on the virus of serial passage through guinea pigs and mice and the 
use of a modified strain as an immunizing agent for guinea pigs. 

The Strains Employed 

Strain A, which was used in most of the experiments reported in previous papers 
(1, 2), showed no marked change in the course of 8 serial passages through guinea 
pigs by subcutaneous injection 1 or 10 serial transfers in virus-free mice by intra- 
cerebral inoculation. The mouse passages were discontinued after the 10th 
transfer, but the guinea pig passage strain has been maintained. 

Strain B was obtained from two guinea pigs, both of which developed severe 
choriomeningitis after intracerebral inoculation with the brain of a mouse and 
were killed when moribund on the 12th or 13th day. Virus from their brains has 
thus far been passed in series through 14 guinea pigs by subcutaneous injection 
and in another series through 34 virus-free mice by intracerebral inoculation. 
Brain suspensions were used for subinoculation in guinea pigs and mice. 

Effect on Strain B of Serial Passage through Guinea Pigs 

The transfers through guinea pigs have maintained the high viru- 
lence of strain B for this species. Subcutaneous or intracerebral in- 
jections are usually fatal, even when very small amounts of virus are 
given, such as 1 to 10 minimal infective doses (m.i.d.), and the guinea 

1 Subcutaneous inoculations were made into the metatarsal pads. 
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pigs that do not die develop a very severe disease with marked emana- 
tion and slow recovery. 

All mice injected intracerebrally with this strain become sick, but 
many of them survive and fail to show the striking convulsions which 
characterize the disease induced by intracerebral injection with the 
mouse passage strain. Intravenous or intraperitoneal injection causes 
illness in the majority of the mice, but the rate of mortality is con- 
siderably lower than after intracerebral inoculation. Subcutaneous 
injection and intranasal instillation produce no symptoms and yet 
render mice resistant to intracerebral inoculation. The virus can be 
demonstrated in the blood of infected mice and occasionally persists 
in it for more than a month after recovery. 


Effect on Strain B of Serial Passage through Mice 

The results of intracerebral tests show that mo.use passage has in- 
creased the virulence of strain B for mice. Subclinical infections 
occasionally occurred in the early passages even when large amounts of 
virus were inoculated, but injections with more than 10 m.i.d. of virus 
from the later passages caused typical convulsions and death on the 
6th or 7th day in nearly 100 per cent of the mice. Doses near the 
borderline of infectivity, however, occasionally produced immunity 
without apparent symptoms. Intravenous, intraperitoneal, subcu- 
taneous, or intranasal inoculations of virus from the later passages 
have failed to cause any definite signs of illness, but have immunize 
against intracerebral injection with virus. The blood of three mice 
injected intracerebrally was infectious when symptoms were mam 
fest, but the virus was not demonstrated in the blood in repeate 
tests made 1 month after inoculation. 

The pathogenicity of the mouse passage strain for guinea pigs aS 
greatly decreased. It is not known exactly when this loss of virul<m ca 
occurred; brain suspension from the 8th serial transfer was aviru en 
for guinea pigs. Intracerebral injections of this modified virus ar 
followed by fever lasting several days and no other sign of 
Some guinea pigs do not gain weight during the febrile peno 
rapidly as uninjected controls, but to an uninformed observer t < 
do not appear ill. None of the symptoms that characterize, t 
fection with the original virus or the guinea pig passage strain, su 
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as labored respiration, drowsiness, salivation, vomiting, conjuncti- 
vitis, and emaciation, have been noted, and all of the 53 guinea pigs 
injected either intracerebral!}' or subcutaneously survived. Subcu- 
taneous inoculations cause fever in the majority of the cases, but it 
is usually lower and of shorter duration than that induced by intra- 
cerebral injection. The amount of virus inoculated either intracere- 
brally or subcutaneously did not markedly influence the reaction of 
the animals. The blood contained virus during the febrile reaction 
on the 7th day after injection in two guinea pigs tested. 

The virulence of the modified strain for guinea pigs was not re- 
stored by a single guinea pig passage, no matter whether blood or 
brain was used for subinoculation. Intracerebral or subcutaneous 
injection with a mixture of mouse brain containing modified virus 
and guinea pig brain in which the virulent strain had been inactivated 
by heating at 70°C. for hour, likewise failed to increase the viru- 
lence of the modified strain. Nor has it been possible to modify the 
virulent guinea pig passage strain by one or two intracerebral pas- 
sages through mice. This fact indicates that the modification of the 
mouse strain probably did not take place during the first two serial 
transfers in mice. 

In the following section of the paper the strain B passed through 
mice and attenuated for guinea pigs will be called "mouse virus,” 
while the strains A and B passed through guinea pigs and highly 
virulent for this species will be referred to as "guinea pig virus.” 
For immunity tests with guinea pigs, strains A and B were often 
mixed to insure a high degree of virulence in the inoculum. 

Immunization of Guinea Pigs with Mouse Virus 

A single intracerebral or subcutaneous injection with mouse virus 
was sufficient to induce a high degree of resistance to intracerebral or 
subcutaneous inoculation with a large amount of guinea pig virus, 
such as 0.1 or 0.5 cc, of a 10 per cent guinea pig brain suspension, 
given 3 weeks later. The development of fever in some guinea pigs 
following subcutaneous inoculation apparently had no relation to 
the degree of immunity produced. 

The immunity arose rapidly as Table I shows. Subcutaneous in- 
jection of mouse virus into the left hind pad followed i mm ediately by 
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a similar injection of guinea pig virus into the right hind pad failed 
to prevent the disease induced by the latter strain, but there is evi- 


TABLE i 


Immunity of Guinea Pigs in Relation to Circulating Antivirus 


Guinea 
pig No. 

Route of 
inocula- 
tion with 
mouse 
virus 

Test for 
antivirus 
in serum 
drawn 
2-6 hrs. 
before 
test of 
immunity 

Test of Immunity by injection with guinea pig virus 

Time after 
inoculation 
with mouse 
virus 

Route 

of 

inocu- 

lation 

Reaction 

Controls 

No. 

Reaction 

i 





D 11 

17 

D 14 

2 





D 13 

18 

D 15 

3 

SC 


1 min. 

sc 

D 27 

19 

D 9 

4 





Mild disease, 

20 

Dll 






rapid recovery 



5 





Severe disease, 

21 

-D 14 






slow recovery 



6 






Fever 

22 

D 12 


sc 


4 days 

sc 




7 


— 



Mild disease, 

23 

D 12 




1 

1 

rapid recovery 



8 






Slight fever 

24-27 

D 11-15 

9 

sc 

— 

8 days 

ic 

None 



10 


__ 



None 

28-30 

Very severe dis- 








ease, slow re- 








covery 

11 


_ 



Slight fever 



12 

sc 

+ 



Slight fever 

31 

Dll 

13 


— 



None 






10 days 

ic 




14 


+ 



None 



15 

ic 




None 

32 

D 12 

16 


— 



None 





sc = subcutaneously. — = no antivirus detected, 

ic = intracerebrally. + = antivirus probabl> prese 


D 11 = died on 11th day. 


dence that its course was modified in two animals (Nos. 4 an 
On the 4th day a degree of resistance was apparent, and on ^ ^ 
or 10th day, 6 of the 9 guinea pigs tested were completely rests 
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pigs although similar in every other respect. Some caused merely a 
febrile reaction in the majority of the animals, while others induced 
a very severe, fatal disease. However, not one of the strains of low 
virulence was quite consistent in its effect, a fatal disease sometimes 
resulting with those that were relatively non-pathogenic. The vari- 
ations in severity of the disease were thought to be mainly due to dif- 
ferences in the susceptibility of guinea pigs, and this assumption was 
supported by the fact that the virus obtained from the same mouse 
at different times was differently pathogenic for guinea pigs (1, Table 
III). However, the rapid and striking change of strain B brought 
about by a few serial passages through mice now suggests that varia- 
tions of the virus may be in part responsible for those differences. It 
has been shown that guinea pigs from the same stock as those used 
before react uniformly both to the guinea pig passage strain, which 
invariably causes very severe choriomeningitis, fatal in 80 to 90 per 
cent of the cases, and to the modified mouse strain, which has failed 
to produce symptoms in any of the 53 guinea pigs injected. 

The modified virus is a very good immunizing agent for guinea pigs, 
since it is harmless to the animals and produces a solid immumty 
after a single injection. 

The immunity to choriomeningitis of guinea pigs and mice differs 
in that immune guinea pigs as a rule develop circulating antivirus, 
whereas the sera from immune mice thus far tested have had no defi- 
nite neutralizing properties. The comparatively late appearance of 
the antivirus in the guinea pig indicates, however, that it does not 
solely account for their immunity, which seems to be closely assoc 1 
ated with the tissues affected by the virus. Similar observations 
have been reported for other viruses, for example, foot-and-mouth 
disease (3) and poliomyelitis (4-6). The possibility of infecting 
immune animal tissues in vitro with a variety of viruses, e.g., viru ^ 
III (7), vaccinia (8), herpes simplex (9), the salivary gland virus o 
guinea pigs (10), and pseudorabies (11), does not necessarily weig 
against this conception of the mechanism of antiviral immunity- 
The washing and soaking of the tissue fragments, which usua ^ 
preceded the infection in such experiments, may have remove a 
antiviral substance that was fixed in the tissues or rendered it in £ e 
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tive by dilution. The evidence thus far obtained with tissue extracts 
from immune mice does not favor the assumption that such a sub- 
stance is present, but further tests are necessary to disprove its exist- 
ence. It is also possible that the removal of the tissue from its 
physiological environment and its maintenance under extremely un- 
favorable conditions alter the permeability to viruses of the cellular 
membrane. This permeability may provide the basis of suscepti- 
bility and immunity. 


SUMMARY 

A strain of choriomeningitis virus which was highly virulent for 
guinea pigs, as isolated from a naturally infected white mouse, has 
been markedly attenuated for guinea pigs by serial intracerebral 
passage through white mice. The change of virulence occurred be- 
fore the 8th serial passage. The modified varus as a rule produces 
fever in guinea pigs but no other symptoms, and the infection is 
followed by a very solid immunity. Parallel passages of the same 
strain through guinea pigs have maintained its high virulence for 
this species but slightly reduced its pathogenicity for mice. These 
observations indicate that the differences in virulence for guinea pigs 
noted before (1, 2) with different strains of choriomeningitis virus 
obtained from infected stock mice may be due not only to differences 
in the susceptibility of guinea pigs but also to variations in the viru- 
lence of the virus. 

A marked degree of resistance was demonstrable in several guinea 
pigs on the 4th, 8th, and 10th day after injection with modified virus, 
when antivirus could not yet be detected in the serum. Circulating 
antivirus appears therefore to play a secondary part in their immunity, 
which seems to be closely associated with the tissues as in mice. 
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ELEMENTARY BODIES OF VACCINIA FROM INFECTED 
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CHICK EMBRYOS 
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(From the Hospital of The Rockefeller Institute for Medical Research) 

Plate 8 

(Received for publication, June 15, 1937) 

Paschen bodies (1) or elementary bodies, have been observed in 
many types of cells in various animal species infected with vaccine 
virus (2). Suspensions of these minute structures in a relatively pure 
state have been prepared by means of differential centrifugation from 
infected skins of rabbits (3-5) and guinea pigs ( 6 ). The presence of 
large amounts of protein in emulsified organs has made it difficult in 
the past to obtain from such sources clean suspensions of virus ele- 
mentary bodies. Infected skin, however, is peculiarly well adapted 
to the methods previously employed since the highly infectious dermal 
pulp, which results from scraping the skin (4, 5), contains less tissue 
proteins than do ground infected organs. 

The preparation of suspensions of vaccine virus elementary bodies 
in a relatively pure state from infected tissues of a generic class differ- 
ent from that previously used would add to the existing evidence for 
the intimate association of the elementary body with the causal agent. 
Moreover, such an experiment would offer an opportunity for further 
observation on the soluble precipitable substances (6) that accompany 
the virus infection. Studies (7, 8) on the chick chorio-allantoic mem- 
brane inoculated with vaccine virus indicated that this tissue, which 
has a high infective titer and contains numerous elementary’ bodies, 
might be suitable material from which to obtain suspensions of rela- 
tively pure Paschen bodies. The purpose of this paper is to describe 
a method for preparing suspensions of elementary bodies from vaccine 
virus-infected chorio-allantoic membranes of developing chick em- 
bryos, and to present the results of serological studies on the elemen- 
tary’ bodies and virus-free filtrates of infected membranes. 
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Materials and Methods 

Chorio-Allantoic Membranes . — The chorio-allantoic membranes of 12 to 14 day 
chick embryos were exposed by Burnet’s modification (9) of the technic of Wood- 
ruff and Goodpasture (10). Usually 0.1 cc. of a 10 -3 dilution of virus suspen- 
sion was dropped on the membrane surface; then the egg was gently rotated to 
insure spread of the inoculum. After incubation for 36-48 hours at 37°C., the 
infected portion of the chorio-allantoic membrane was removed. Occasional mem- 
branes that were contaminated with bacteria were discarded. 

Virus . — Vaccine virus of the C. L. strain, 1 which had been carried for 4 years 
in this laboratory by passage of elementary bodies on rabbit skins, was rendered 
bacteriologically sterile by storage with ether. This virus served initially to infect 
chick membranes. Experiments were performed with the 2nd to the 27th mem- 
brane subculture of virus. 

Antisera . — Antivaccinal sera were obtained from rabbits and guinea pigs after 
hyperimmunization with washed elementary bodies of rabbit origin. Monkeys 
recovered from intravenous inoculation of similar preparations of virus also yielded 
immune sera. Antisera against the heat-labile and heat-stable precipitable sub- 
stances, respectively, of vaccinia which had been prepared in rabbits (11) were 
supplied by Dr. Robert F. Parker. 

Infective Titers . — Infective titers were determined by intradermal injection 
into rabbits of serial tenfold dilutions of virus. Duplicate titrations were always 
performed. 

Preparation of Elementary Body Suspensions 

Suspensions of elementary bodies of vaccinia in a relatively pure 
state were prepared from infected chorio-allantoic membranes of chicks 
in the following manner. 

The infected portions of 10-25 membranes were placed in Locke’s solution 
immediately following removal from the eggs. After the last membrane was a 
vested the entire lot was rinsed in fresh Locke’s solution in order to remove a 
tional mucilaginous material adherent to the surface as well as blood win 
oozed from the cut vessels of the membranes. The tissues were next indivi ua 
dipped into ethyl ether to remove part of the lipid substances and were ag^ 
rinsed in Locke’s solution. Excess fluid having been drained from the mem raI * ^ 
they w r ere placed in a mortar, minced with scissors, and ground vigorous > • 

20 cc. of dilute buffer solution, pH 7.2, (standard citric acid-disodium p osp 
buffer, pH 7.2, diluted 50 times with distilled water) were added to the ^tura^ 
material and the suspension was thoroughly shaken in a test tube. e __ 
thrown down at 1000 n.p.u. in the International horizontal centrifuge was 


1 Vims was obtained from Dr. J. Craigie in 1933. 
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pended in a similar volume of buffer solution and recentrifuged. Supernatant 
fluids from these two centrifugations were pooled and again spun at 1000 K.P.M. 
for 10 minutes. The resultant supernatant suspension was distributed in flat 
pyrex tubes, that have an inside diameter of 4 mm. and a capacity of 5 cc., and run 
in a Swedish angle centrifuge for 1 hour at 3500 K.P.M. Fluid was poured off and 
saved for titration of precipitinogens. The angle sediment, which contained 
practically all of the elementary bodies as well as considerable amounts of tissue 
materials, was taken up in 5-10 cc. of dilute buffer solution, pH 8.0. 0.5 cc. of a 
filtered 1 per cent solution of commercial trypsin that had been freed from lipids 
by successive extraction with ethyl ether and petrol ether was added to the sus- 
pension; the mixture was incubated at 37°C. for a half to 1 hour. Fat-extracted 
trypsin was used because Pine (12) found that the lipids in commercial trypsin — 
not the enzymes — inactivated vaccine virus. The digested material was then 
washed 3 to 7 times by sedimentation in the angle centrifuge and resuspension in 
dilute pH 7.2 buffer solution. After the final washing, the suspension was spun 
in the horizontal centrifuge for half an hour at a speed of 2500 K.P.M. in order to 
remove particles larger than elementary bodies. 

In the manner described, suspensions of relatively pure elementary 
bodies were prepared by a method of differential centrifugation similar 
to that used by other workers (4, S). However, one important addi- 
tional procedure, namely, tryptic digestion, was employed. Suspen- 
sions of virus still contained some soluble tissue proteins after 3 
washings. This was indicated by the presence of amorphous, brown, 
precipitate interspersed among the round, black, elementary bodies in 
smears stained by Morosow’s technic (13). When such preparations 
were subjected to further -washing the amorphous precipitate was 
reduced to a minimum. Fig. 1 is a photograph of a stained prepara- 
tion made from a suspension of elementary bodies treated with trypsin 
and washed 7 times in all. 

Protein digestion was an important step in purification since re- 
peated washing of the sediment from the angle centrifugation with 
dilute buffer solution alone failed to remove adequately tissue pro- 
teins. Physiological salt solution was not employed because Craigie 
(14) found that vaccine virus elementary bodies in the presence of 
0.85 per cent saline readily underwent spontaneous agglutination. 
Treatment with trypsin usually reduced the amount of the aDgle 
sediment to one-half to two-thirds of its original volume. 

Only a portion of the elementary bodies present in infected mem- 
branes was secured by the method described as routine. In 3 in- 
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stances, cells and debris, sedimented during preliminary horizontal 
centrifugations and discarded in the regular procedure, were first 
subjected to tryptic digestion and then to differential centrifugation. 
The resultant material, after repeated washing and additional en- 
zymatic treatment, was found to be rich in elementary bodies. The 
infective titer, moreover, was in each case the same as that of the 
elementary body suspension prepared according to routine. These 
suspensions were not so clean as the regularly prepared ones, as evi- 
denced by the precipitated amorphous material in stained smears. 
Such suspensions were not satisfactory for use in immunological tests 
because marked spontaneous agglutination occurred. 


Injective Titer of Elementary Body Preparations 

The most important single fact that has led to an acceptance of 
the close relationship between elementary bodies of vaccinia and the 
agent responsible for the disease is the correlation of the infective titer 
of suspensions with their elementary body content. The virus accom- 
panies the elementary bodies from rabbit dermal pulp (3-5) even when 
filtered (15) ; the bodies increase in tissue culture with multiplication 
of the virus (16) ; and a definite numerical relationship exists between 
the bodies and a single infectious dose (17); moreover, materials freed 
from elementary bodies are not infectious (4, 5) . 

Additional evidence for the idea that elementary bodies represent 
the virus itself or are closely associated with the virus was brought out 
in the present set of experiments. The infectivity of membrane ma- 
terial was not appreciably altered by tryptic digestion and repeated 
washing; the final preparation of elementary bodies was as infectious 
as the original membrane emulsion. Experiment 5, summarized m 
Table I, is illustrative of the data supporting this statement. After 
the removal of coarse particles by preliminary centrifugation, t e 
membrane emulsion had an infective titer of 10 -6 . The material se i 
mented in the angle centrifuge was digested with trypsin and washe 
5 times; this represents a dilution of the original angle sediment 
the order of 1 X 10 -4 . At this stage the infective titer was 10 
Further washing diluted the first angle sediment to approximate y 
1 X 10 -6 times its original volume; nevertheless, the titer remaine 
10 -7 . Two factors operated to increase the titer of the original emu 
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sion. Tryptic digestion probably liberated virus from cell particles 
and from cells killed by immersion of the membranes in ether, for, as 
observed in another experiment, tryptic digestion alone raised the 
titer of a crude membrane emulsion from 10 -5 to 10 -6 . The second 
factor was the decrease in volume of suspending fluid; the particulate 
matter originally present in 22 cc. was later taken up in only 5 cc. of 
fluid. 

Decrease in the number of elementary bodies and in the infective 
titer occurred to a certain extent during the manipulation incident to 
purification of elementary body suspensions. This was apparent 
when relatively few infected membranes constituted the source of 
virus, e.g., in Experiment 3, in which 8 membranes were employed. 
The titer following tryptic digestion, and before washing, was 10 -5 ; 
after 4 washings, which diluted the original angle sediment approxi- 
mately 1 X 10~ 7 times, the titer had fallen to 10 -5 . Another source 
of loss was the thin layer of elementary bodies that always adhered 
to the walls of the glass tubes. Moreover, the small fraction of ele- 
mentary bodies which had been sedimented along the outer wall of 
the centrifuge tube, but which had not yet been thrown to the bottom, 
was often lost in pouring off the supernatant fluid. Finally, the last 
horizontal centrifugation also contributed to the losses, because in 
several instances, the sediment which resulted from this procedure 
was found to be rich in elementary bodies, when stained by Morosow s 
technic, and had an infectivity equal or almost equal to that of the 
suspension prepared according to routine. Nevertheless, the nna 
horizontal centrifugation was useful, notwithstanding the waste that 
accompanied it, because debris and clumped elementary bodies were 
removed. 


Agglutination of Elementary Bodies 

Agglutination of elementary bodies (18, 3) by antivacrinal se7U ^ 
was another significant step in establishing the importance of t ese 
structures in the disease. It seemed worth while to determm^ 
whether or not elementary bodies prepared from hosts of di ere 
generic classes were equally agglutinable with a given immune serum 

Agglutination Reaction . — Agglutination of elementary bodies was ^f. n j-^ n5 0 f 
in the manner described by Craigie (4) and Parker and Rivers (5). 
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immune sera were made -with freshly prepared physiological salt solution buffered 
to pH 7.2 by the addition ol 1 cc.of standard citric acid-disodium phosphate buffer 
solution to each 100 cc. of saline solution. - Elementary body suspensions were 
brought to the proper concentration for testing by the addition of dilute buffer 
solution, pH 7.2. 0.25 cc. of elementary body suspension was added to 0.25 cc. 
of diluted serum which had been placed in a pyrex tube with outside dimensions 
of 10 x 75 mm. Tubes were placed in a covered rack and incubated overnight 
at 50°C. 

The data presented in Table II show that elementary bodies pre- 
pared from either chick membrane or rabbit skin are agglutinated 
approximately to the same extent by immune sera from two mam- 
malian species. Hyperimmune rabbit serum, in a dilution of 1 : 1280, 
agglutinated elementary body suspension 9 obtained from membranes 
of chick embryos; the serum bad the same titer when tested with an 
elementary body suspension derived from dermal vaccine pulp of 
rabbits. The guinea pig and monkey antivaccinal sera, although not 
so potent as the rabbit immune sera, respectively agglutinated chick 
membrane and rabbit dermal elementary bodies to an approximately 
equal degree. A consistent difference between the two virus suspen- 
sions was noted in the type of clumping. Elementary bodies of rabbit 
origin formed large loose flakes when mixed with immune sera from 
various species; in higher concentrations of serum the floccules settled 
and left a clear supernatant fluid. Chick membrane elementary 
bodies, however, agglutinated only in a granular form. Repeated 
washing tended to reduce the agglutinability of bodies; the highest 
titers were obtained when suspensions were washed 3 or 4 times. 

Soluble Precipitable Substances in Filtrates of Infected, Membranes 

It has been pointed out by Sabin (19) that soluble antigens obtained 
from tissues infected with vaccinia might be “specific products of 
infection which are not derived from the virus substance” rather than 
products of the virus. Craigie and NVishart (6) subsequently demon- 
strated the immunological identity of L and S precipitinogens found 
in dermal pulp filtrates from infected rabbits, guinea pigs, and calves, 
and Ch’en (20) found a soluble antigen in tissue culture vaccine virus 
prepared according to the method of Li and Rivers (21) in which 
minced chick embryo tissue suspended in Tyrode’s solution was used. 
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Further information regarding these soluble antigens was sought by 
means of precipitin tests on the virus-free filtrates from infected chick 
membranes. 

Precipitin Reactions . — Precipitin tests were carried out on extracts of infected 
membranes. The supernatant fluid which resulted from the first angle centrifu- 
gation was filtered through a Seitz pad; the filter had been previously prepared 
by the passage of 10 cc. of broth and 2 cc. of normal rabbit serum. These filtrates 
were not infectious. Serial dilutions of the clear serum-colored filtrates were 
prepared with buffered saline solution and mixed with equal volumes of diluted 
immune serum, the optimal dilution of the immune serum having been determined 
by preliminary titration. Tubes and racks similar to those employed for agglu- 
tination tests were used; the mixtures were incubated overnight at 50°C. 

Precipitin tests on Seitz filtrates of suspensions of infected mem- 
branes demonstrated the presence of heat-labile and heat-stable anti- 
gens. Results of such a test are shown in Table III. Hyperimmune 
rabbit serum, which contained antibodies against L and S fractions, 
gave a slightly higher titer with pooled rabbit dermal filtrate than 
with membrane filtrate. Rabbit serum that had L but no S antibody 
reacted equally well with chick membrane and rabbit skin filtrates. 
Pure anti-S rabbit serum, like the L-S serum, precipitated membrane 
filtrate at a slightly lower titer than rabbit filtrate. 

The results of precipitin tests, which were done on all filtrates o 
infected membranes, were found to vary. No attempt was made to 
remove inhibitive substances (6) from the membrane filtrates, this 
may account for considerable variation in titer of different prepara 
tions. Membrane emulsions were filtered with difficulty throug 
Seitz pads, even after removal of most of the particles by centrifuga 
tion. The absence of demonstrable precipitinogens in Experimen s 
6 and 9 probably depended on technical manipulation, such as extrac 
tion with ethyl ether and the use of several pads for filtering a sma^ 
volume of material. There was no obvious explanation for t e i^ 
ability to demonstrate the presence of precipitinogens in filtrate > 
interest also was the failure to find agglutinogens in the ^ 

body suspension prepared from this group of membranes w <- ^ 

been inoculated with the 24th membrane passage virus. T s ^ 

to demonstrate serologically active substances was not depen en ^ 

change in the virus, because precipitinogens and agglutinogens 
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present in lot 11 which had been infected with the 26th membrane 
passage. 


DISCUSSION 

The present observations suggest that by use of appropriate meth- 
ods the infectivity of tissues from animals with vaccinia may be found, 
in each case, to be associated with their elementary body content. 
The experiments described in this paper throw no light on the idea of 
Craigie and Wishart (22) that there are two forms, resistant and 
active, of vaccine virus elementary bodies. Nor do the observations 
bring direct evidence to bear on Sabin’s suggestion (19) regarding host 
production of the soluble precipitable substances. The finding of L 
and S precipitinogens in the filtrates of infected chick membranes by 
means of immune sera prepared in rabbits by repeated injection of 
elementary bodies from rabbits, might be considered additional cir- 
cumstantial evidence that these antigens are products of the virus 
rather than the result of a response of the host to infection with the 
active agent. 


SUMMARY 

By a method of differential centrifugation and tryptic digestion 
suspensions of elementary bodies have been prepared from chono- 
allantoic membranes of chick embryos infected with vaccine vrrus. 
The infective titer of the final suspension of elementary bodies was 
usually the same as that of the original tissue emulsion. Elementary 
bodies from infected chick membranes were agglutinated as well by 
antivaccinal serum obtained from different mammalian species as were 
bodies prepared from inoculated rabbit skin. Seitz filtrates of m 
fected chick material contained soluble precipitable substances o 
vaccinia; these filtrates and filtrates from infected rabbit skin, respec 
tively, reacted equally well with rabbit serum which contained eit 
L or S antibodies. 
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EXPLANATION OF PLATE 8 

Fig. 1. Photograph of a preparation of elementary bodies in a relatively pure 
state obtained from chorio-allantoic membranes of chick embryos infected with 
vaccine virus. Morosow stain. X 1200. 
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STUDIES ON THE SENSITIZATION OF ANIMALS 
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In previous communications (1-4), report has been made of sen- 
sitization effects in guinea pigs following intracutaneous or superficial 
administration of a number of simple chemical compounds, e.g., 
nitrosodimethylaniline and 2:4 dinitrochlorobenzene. Thus, animals 
treated intradermally with small quantities of the substances exhibit 
distinctly increased reactions to subsequent intradermal injections, 
and give erythematous reactions when a solution of the incitant is 
spread on the skin. A study of various nitrochlorobenzenes then 
demonstrated a parallelism between skin sensitizing capacity and 
chemical reactivity, consistent with the idea that sensitization effects 
are due to conjugated antigens formed in vivo. That artificially 
conjugated antigens — azoproteins — can sensitize (anaphylactically) 
to the conjugate, the reactions being specific for the substance linked 
to protein, had been shown previously (5; cf. 6), but there was no 
direct evidence that sensitivity to simple substances may depend 
upon the formation of such antigens (7). Another result was that 
in the case of acyl chlorides, which also are able to sensitize, skin 
sensitiveness and anaphylaxis were produced simultaneously upon 
repeated intracutaneous injections, indicating a relationship in the 
causation of the two effects. In the present paper, this question is 
further investigated. 


EXPERIMENTAL 

Anaphylaxis Experiments with Picryl Chloride and 2:4 Dinitro- 
chlorobenzene. — In the experiments cited above, benzoyl chloride and 
337 
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p-chlorobenzoyl chloride gave rise to both skin sensitization and 
anaphylaxis. The formation in these instances of conjugate antigens 
evidently responsible for the production of anaphylaxis is not par- 
ticularly surprising, since the substances are easily decomposed by 
water and are highly reactive, e.g. with proteins. In this respect the 
experiments are somewhat similar to the sensitizations obtained with 
diazonium and diazoamino compounds (8, 9). It seemed necessary 
to make investigations on the possibility of producing anaphylaxis 
with substances that are relatively stable and are known to cause 
allergic phenomena in human subjects. Two substances were chosen 
for study, picryl chloride, previously shown to sensitize guinea pigs 
(1) and capable, moreover, of producing sensitization in human beings 
upon intracutaneous administration, 1 and 2:4 dinitrochlorobenzene, 
which is known to cause contact dermatitis in a large number of 
industrial workers handling it (10-12). Picryl chloride, although 
combining readily with proteins in alkaline solution, is not decomposed 
by^ water at room temperature for a considerable period of time, and 
can be recrystallized from boiling alcohol; it does, however, react 
slowly with serum proteins at serum alkalinity. The second sub- 
stance, 2:4 dinitrochlorobenzene, is stable in boiling water for hours 
and does not combine with serum proteins to any appreciable extent 
without the addition of alkali. 

Guinea pigs were sensitized by repeated intracutaneous administration on the 
dorsum, the course commonly consisting of about fifteen daily injections, six a 
week, each of 1 /400 mg. picryl chloride in 0.1 cc. saline. 2 The commercial prcpara 
tion was used after two recrystallizations from a benzene-alcohol mixture, m p- 
82° (uncorrected). For the injections, solutions of the requisite concentration 
were prepared by diluting in saline an alcoholic 0.3 per cent solution. 

White male guinea pigs weighing 350-450 gm., mostly albinos, were use or 
the sensitizations. The development and the degree of skin sensitivity to picr> 
chloride correspond in a general way to observations reported with 2.4 1111 1 
chlorobenzene (1). With daily injections, the reactions being recorded 2 ou 


1 Personal co mmun ication from Dr. Marion B. Sulzberger. . 

2 Lately it has been found that very satisfactory skin sensitization can e^ 
tained by intracutaneous injection of larger quantities of picryl cblon e ^ 
those used before, given simultaneously in several sites (1/50 mg. injecte 

of 7 sites, test made 1 month later). 
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later, evidence of a heightened response would usually be noted between 6 and 8 
days after the first injection, the sensitivity gradually developing to give elevated, 
pink areas 10 to IS mm. in diameter, often with blanched or livid centers,, at 
times with a necrotic spot. A period of 2 or 3 weeks was allowed between the last 
injection of the course and the final testing, which was made by spreading on 
the belly, after clipping the hair, 1 drop of a 2 per cent solution of picryl chloride 
in olive oil; for subsequent tests, new belly sites were chosen each time. The 
reactions were read 18 to 24 hours later, following use of a depilatory 2 or 3 hours 
before. On normal animals, similarly treated as controls, reactions were faint 
or absent. Of 134 pigs treated with picryl chloride by the above or a comparable 
method, only seven did not show evidence of sensitization; this uniformity closely 
resembles experiences with 2:4 dinitrochlorobenzene (4). 

For the preparation of protein conjugates 1 millimol of picryl chloride in 5 cc. 
chloroform was shaken vigorously for 15 minutes with a mixture of 30 cc. horse 
serum (or guinea pig serum) and 15 cc. n/2 Na 2 C 03 , the temperature being kept 
at about 5°C. After the removal of insoluble material by centrifugation in the 
cold, the supernatant was acidified to maximum precipitation, and the picryl 
protein sedimented by spinning. The protein compound was dissolved in water 
with addition of alkali to pH 8-9, the reaction adjusted close to neutrality, and a 
small amount of insoluble material centrifuged off. For purification, the protein 
was precipitated by treatment with 5 volumes of alcohol, centrifuged, and re- 
dissolved in water at slight alkalinity; it was finally precipitated with acid, washed 
once with saline by centrifugation, and dissolved in saline at slight alkalinity. 
The solution was made approximately neutral, becoming somewhat turbid thereby, 
and the concentration (about 2 to 3 per cent) was determined. 

Recently we have found that the protein compounds can be made by gentle 
shaking of serum with finely ground picryl chloride; this method can also be 
used with 2:4 dinitrofluorobenzene (see below). 

With intracutancous injections of picryl chloride, as previously 
found with ^-chlorobenzoyl chloride (2), guinea pigs were found to 
develop anaphylactic, in addition to skin, sensitivity. As seen in 
Table I, typical anaphylactic shock resulted when picryl protein 
conjugates were given intravenously. While with ' the batch of 
animals shown in the table 4 mg. represented approximately the 
limiting quantity of antigen to produce fatal shock, this value fluc- 
tuated with different series of sensitized animals. It was as low as 1 /5 
mg. in a group which had received six weekly intradermal injections 
of picryl chloride (tested 10 days later with “picryl horse serum”), and 

also in a lot given ten to fourteen daily injections (test made with 

picryl guinea pig serum” after 4 weeks’ rest); in other experiments, 
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only a small proportion of the animals were fatally shocked with 
10 or 20 mg. doses of antigen. 

As a complication, in some cases it seemed that large doses were less effective 
than smaller ones in demonstrating anaphylaxis (cf. 8). The interval between 
the last sensitizing injection and the intravenous injection of picryl protein may 

TABLE I 

Anaphylaxis in a group of guinea pigs given daily intradermal injections of 
1/400 mg. picryl chloride for 15 days, and injected intravenously with picryl 
protein between 8 and 12 days after the last skin injection. Figures in paren- 
theses indicate change in temperature (°C.). 


No. 

Amount 

injected 

Intravenous injection of picryl horse serum 


ms- 


1 

12 

Slight symptoms (—1.1) 

2 

10 

Typical anaphylaxis f 4 min.* 

3 

8 

“ “ f 6 “ 

4 

8 

“ “ f 13 “ 

5 

8 

u a 4 n 

6 

8 

Severe shock, recovered (—5.9) 

7 

4 

Typical anaphylaxis t 4 minutes 

8 

4 

“ “ f 6 " 

9 

4 

Slight symptoms (—1.2) 

10 

2 

Coughs, eyes running, labored breathing (—1-5) 

11 

1 

Typical anaphylaxis f 7 min. 

12 

1 

Slight symptoms (—1.0) 

13 

1/S 

No symptoms (+0.2) 


Controls 


14 

16 

i No symptoms (—0.6) 

15 

16 

ti 

“ (- 0 . 2 ) 

16 

8 

it 

" (-0.4) 

17 

8 

tt 

“ (-0.4) 

18 

4 

it 

“ (- 0 . 6 ) 


* The symbol f signifies death of animal; in all cases the autopsy findings h 


been characteristic. 

be as short as a week; in one experiment in which animals were tested after 1 
vals of 1 week and 5 weeks, the degree of anaphylactic sensitivity ha 
by the 5th week. 

The presence of antibodies in the serum of guinea pigs sensitize y 
intradermal injections of picryl chloride was demonstrable by P 355 
transfer, using the Schultz-Dale method (see 13). 
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The sensitized animals were bled between the 6th and the 14tli day after the 
final intradermal injection of picryl chloride, and the serum, commonly in 3 cc. 
amounts, was injected intraperitonealiy into virgin female guinea pigs weighing 
180-2S0 gm. After 24 or 48 hours the animals were exsanguinated by heart 
puncture and the excised uterine horns were rinsed and mounted in a Dale appar- 
atus in separate chambers of 20 cc. capacity, the recording being made at about 
threefold magnification. The oxygenated bath usually was the fluid recom- 
mended by Dale (13) (NaCl 0.9 per cent, K.C1 0.042 per cent, CaCI 2 0.012 per 
cent, NaHCOa 0.05 per cent, in glass-distilled water); infrequently the amount of 
calcium chloride was reduced to one-half. The antigen (1 or 2 mg., or less, of picryl 
protein made with horse serum) was added to the bath in a volume of 0.2 cc. or 
less, the resultant concentration being without effect upon the uterine horns of 
normal guinea pigs. If a contraction ensued, and specific desensitization was 
to be demonstrated, the horn was allowed to relax fully and was then washed by 
repeated changes of oxygenated fluid; thereupon the same dose of antigen which 
had caused the first contraction was added to the bath. Finally, to test the 
condition of the muscle, an addition of histamine was made. 

A representative experiment of this sort is given in Text-fig. 1, 
where it is seen that the passively sensitized muscle responded to 
picryl protein even at 1:80,000 dilution and that when the test was 
repeated the uterus was seen to be desensitized. Anaphylactic 
antibodies were found with most batches in a large proportion 
of animals sensitized by intradermal injections of picryl chloride as 
described above, e.g., with one group, eight out of ten guinea pigs, 
and in another experiment seven out of nine, gave positive transfers; 
in some lots definitely poorer effects were obtained. On the whole, 
these results would seem to compare not unfavorably with those 
obtained in homologous passive transfer experiments with sera from 
animals injected with proteins (14, 15). 

Many of the transfers effected with 3 cc. amounts of serum re- 
sulted in maximal contractions maintained 2 to 6 minutes when the 
horns were exposed to picryl horse serum in the usual concentration 
of 1:20,000. With the most active sera, 1 cc. was adequate for 
sensitization. In some instances where uteri appeared to be sensi- 
tized highly, the antigen was employed in greater dilutions; in one 
case, there was a maximal sustained contraction to an antigen con- 
centration of 1:2,000,000, which indicates a degree of sensitivity 
close to that shown by highly sensitive uteri as a result of customary 
protein immunization ( cf . 13). It may be mentioned that there 
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seemed to be some parallelism between the intensity of skin reactions 
elicited by the later preparatory injections and the content of ana- 
phylactic antibodies in the serum; in some series of animals, however, 
such a relationship was not seen in the degrees of anaphylactic and 
cutaneous sensitivities, the latter tested by applying oil solutions 
on the skin several weeks after the last treatment. 

Precipitins were detected in some of the sera which were among 
the most active in conferring passive sensitization, picryl protein 
being used as antigen in ring tests. The rings, although faint and 
detectable only with clear sera, were definite; the optimal concentra- 
tion of picryl guinea pig serum was usually 1:30,000. Attempts to 
transfer skin sensitiveness passively by means of sera containing 
anaphylactic antibodies and precipitins have so far been negative. 


While in the above experiments skin sensitization and anaphylactic antibodies 
were developed by intradermal injections as stated, it is of interest that in a 
preliminary experiment anaphylactic antibodies were found also in guinea pigs 
sensitized by’ continued daily application of one drop of a 2 per cent solution of 
picryl chloride in olive oil to the intact skin, anaphylactic sensitivity arising 
in a normal guinea pig from the intraperitoneal injection of 7.5 cc. pooled 
serum taken from three cutaneously sensitized guinea pigs. 

Analogous experiments were carried out on guinea pigs sensitized 
to 2:4 dinitrochlorobenzene by means of repeated intracutaneous 
injections, as in the case of picryl chloride. 


The development of skin sensitivity to this substance has been described ( ), 
cutaneous sensitivity was tested by superficial application of a 1 per cent solution 
in olive oil. On account of its greater reactivity' as compared with the oro 
compound, 2:4 dinitrofluorobenzene (16) was used in the preparation o • 
dinitrophenyl protein conjugates. The latter were prepared with guinea. P>6 
or horse serum, the method for picryl protein being followed in the mam. 
guinea pig serum preparation was made by shaking in the cold for 10 

reprecipitating the protein derivative, careful adjustment of the p a 


in 


addition of salt were necessary; the antigen was used after dialy’sis against iso o^ 
saline. The horse serum preparation was obtained in a similar manner. ^ 
solution tended to become turbid when kept in the ice box at neutral r£ 
and before use the amount required was considerably clarified by cautious - 
of NaOH and then adjusted with HC1 until almost neutral. _ . . ^, e 

In Schultz-Dale experiments with actively sensitized guinea pigs, 
animals usually were rather heavy by the time of testing, and the orns s 
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spontaneous contractions in the above mentioned Dale solution, modified bath 
fluids were employed, either the Dale solution with the amount of calcium chloride 
reduced to one-half or one-quarter (animals weighing 325-400 gm.) or the calcium- 
free solution used by Bristol and Fleischner (17). For the latter (see 18), a stock 
solution is made with 10.5 gm. NaCI, 0.5 gm. K Cl, 0.1 gra. MgCfc, 5 cc. N HjPOi, 
50 cc. water, and the bath fluid is prepared from ’50 cc. stock solution, 5 cc. N 
Na 2 C0 3/ and 1000 cc. water. Along with repression of spontaneous contraction 
in these solutions, the specific reactions are apparently diminished and the tests 
less sensitive. . 


TABLE n 


Anaphylactic response of a group of guinea pigs given <5 weekly intradermal 
injections of 1/400 mg. 2:4 dinitrochlorobenzene, 2:4 “dinitrophenyl guinea pig” 
serum being injected intravenously 4 weeks after the last skin injection. 


No. 

Amount injected 

Intravenous injection of 2:4 dinitrophenyl protein 


mt. 


19 

20 

Severe symptoms (chronic type), recovered 

20 ' 

20 

• Typical anaphylaxis, f 4 min. 

’ 21 

20 

j No symptoms 

22 

20 

j Typical anaphylaxis, t 4 min. 

23 

10 

| Questionable symptoms 



Controls 

24 

I 20 

No symptoms 

25 

1 20 

] M it 


Guinea pigs sensitized by intracutaneous injections in the man- 
ner stated were tested after 7 to 40 days by intravenous injection 
with the protein conjugate. Resultant anaphylactic symptoms were 
variable, and the instances of fatal shock were few. Nevertheless, 
as seen in Table IX (which presents the best result thus far obtained), 
the fact that the intracutaneous administration of 2:4 dinitrochlo- 
robenzene can induce an anaphylactic state could be demonstrated 
beyond, doubt. It would seem probable that continued study should 
determine experimental conditions under which the results will be 
more regular and passive transfer can be demonstrated. 

Further evidence was forthcoming from experiments made with 
the Schultz-Dale method, the horns of sensitized guinea pigs being 
tested with 1:10,000 or 1:20,000 dilutions of 2:4 dinitrophenyl pro- 
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TABLE HI 

Anaphylactic desensitization by subcutaneous injection of picryl protein in 
two batches (A and B) of guinea pigs sensitized by 15 daily intradermal injections 
of 1/400 mg. picryl chloride. 12 days after the last skin injection, part of the 
animals were given 10 mg. picryl guinea pig serum subcutaneously; nest day, 
all were tested for skin sensitiveness, and one day later picryl horse serum was 
injected intravenously. Figures in parentheses indicate change in temperature 
(°C.). The skin reactions on normal animals ranged from negative to faint pink. 


Animals given desensitizing injection 

Sensitized controls 

No. ! 

Application of 
a 2 per cent 
solution of 
picryl chloride 
in olive oil on 
the skin 

Intravenous injection of 
picryl horse serum 

No. 

Application of a 

2 per cent solution 
of picryl chloride in 
olive oil on the skin 

Intravenous injection 
of picryl horse serum 


Amount 

Symptoms 






mg. 




mg. 



Group A 


26 

P-> 

el* 

10 

None** 

30 

dp., m.el. 

10 

f 4 min. 

27 

P-. 

el. 

10 

None** 

31 

p., sl.swol. 

10 

f 11 min. 

28 

PP 

sl.el. 

10 

None (+0.8) 

32 

pp.-p., el. 

10 

f 4 min. 

29 

PP 

,-p., sl.el. 

5 

None (—0.9) 

33 

p., el. 

5 

Moderate 








to severe 









(-0.7) 






34 

pp., sl.el. 

10 

Moderate 








(-1.7) 






35 

pp., sl.el. 

10 

Moderate 








(-1.9) 






36 

pp.-p., sl.el. 

10 

f 30 min. 


Group B 


37 

p., sl.el. 

10 

None (—0.1) 

40 

pp., sl.el. 

10 

Slight to 
moderate 
(-1.8) 

38 

p., sl.el. 

10 

None (+0.5) 

41 

p., sl.el. 

10 

f 14 min. 

39 

p., el. 

10 

None ( — 1.0) 

42 

p., sl.el. 

10 

Moderate 

(-2.1) 


*The following abbreviations are used: faint pink (fp.), pale pink (pp-)> P' n Jj 
(p.), dark pink (dp.), slightly elevated (sLel.), elevated (el.), markedly elevated 


(m.el.), swollen (swol.), blanched center (bhc.). 
** Temperature change not determined. 
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tein compounds prepared from horse or guinea pig serum. Here 
again the results were inconstant, and negative with two small batches 
of animals, which incidentally did not exhibit a high degree of skin 
sensitivity; in other lots of guinea pigs, however, definitely positive 
reactions occurred, viz. with two out of eight, and in five out of a 
group of fifteen (tested 9 days after the last intradermal injection), 
and in four out of nine (examined after a rest of 32 to SO days). The 
reactions ranged from relatively weak contractions to, in the majority 

table rv 

Failure of subcutaneously administered picryl protein to desensitize the hyper- 
sensitive skin of selected guinea pigs previously given intradermal injections of 
picryl chloride. After the first skin test made by applying 1 drop of a 2 per cent 
solution of picryl chloride in olive oil to the skin of the belly, half of the animals 
were reserved for comparison, the others were injected subcutaneously with picryl 
guinea pig serum (10 mg. on the 2nd, 4th, and 8th days, 20 mg. on the 10th day), 
and a second skin test was made in the same way on the 12 th day. 


Animals given desensitizing injections 

Sensitized controls 

No. 

First skin test 

Second skin test 

(after four injections 

No. 

First skin test 

Second skin 
test 



of picryl protein) 



43 

p., bl.c., swol. 

dp., m.el. 

47 

p., el. 

pp. 

44 

pp., sl.d. 

pp. 

48 

pp., sl.el. 

pp. 

45 

pp.-p., sl.swol.* 


49 

pp-.p., sl.swol. 

p., swol. 

46 

P- 

P- 


pp. 

pp-p- 


* Animal died within a few hours after the first subcutaneous injection of picryl 
protein. 


of cases, maximal contractions sustained for 1 to 3 minutes, specific 
desensitization being demonstrated regularly; such a record is shown 
in Text-fig. 2. 

Desensitization Experiments with Picryl Protein . — With animals 
sensitized to picryl chloride, experiments aimed at desensitization 
were carried out by administering picryl guinea pig serum subcu- 
taneously prior to the intravenous shocking injection. The sub- 
cutaneous injections were not seldom followed by local reactions, 
consisting of edema, more pronounced than in normal animals, and 
sometimes reddening of the skin. The results as presented in Table 
III show that anaphylactic desensitization could be achieved reg- 
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ularly. In contrast to this, it will be seen that the reactivity of the 
skin to superficial application of picryl chloride was not concomitantly 
abolished, and indeed even repeated subcutaneous injections of picryl 
protein had no noticeable influence on the degree of skin sensitiveness 
(Table IV). While we have not investigated the subject particularly, 
in an experiment with a few animals we were able to desensitize the 
skin by long continued daily applications of an olive oil solution of 
the incitant, 2:4 dinitrochlorobenzene. In a similar way Kobayashi 
(19), working with guinea pigs sensitized with an extract of Rhus 
vernicifera , reported desensitization by long continued painting with 
the extracts. By means of subcutaneous injections in human beings, 
Blank and Coca (20) found that a certain degree of immunity to 
contact with poison ivy develops. 

COMMENT 

The above experiments demonstrate that certain simple substances 
which cause human hypersensitiveness, with skin manifestations, 
produce upon intracutaneous injection into guinea pigs both skin 
sensitivity and anaphylactic sensitization. This has been shown 
with picryl chloride and with 2:4 dinitrochlorobenzene, which are 
capable of inducing cutaneous sensitization in human beings. It is 
noteworthy, indeed, that in these cases very small quantities of 
simple compounds can produce anaphylactic sensitization, evidently 
through combination with some substance of the animal body. 

From our results, it appears that although both the compounds 
mentioned sensitize guinea pig skin in like manner they probably 
differ quantitatively in their capacity to evoke an anaphylactic state. 
While this distinction is one of degree only, for also with 2:4 dini- 
trochlorobenzene unquestionable anaphylactic effects were obtained, 
nevertheless the result taken in conjunction with the skin effects 
would indicate differences in the mode of anaphylactic sensitization 
and sensitization of the skin to superficial application of the incitant. 3 
There are several other facts, from the experiments -with picryl 
chloride, pointing in this direction. In the first place it has not been 
possible to induce s kin sensitivity to the simple substance, although 

3 Cf. Landsteiner and Levine (6), page 353; Landsteiner (4). 



K. LANDSTEINER AND H. W. CHASE 


349 


an anaphj'lactic state is set up in this way, by injecting the protein 
conjugate intradennally, in contrast to the outcome of the converse 
experiment (Table I). Again, several attempts at passively sensitizing 
the skin to contact with the simple substance, by means of sera 
containing anaphylactic antibodies, have failed. Then in some 
experiments we observed a lack of parallelism in the degrees of ana- 
phylactic and skin contact sensitizations in animals prepared by 
intradermal injections of picryl chloride. There are, finally, the 
desensitization experiments with protein conjugates (Table III) 
which were successful so far as anaphylaxis is concerned but were 
without effect on the dermal reactions produced by superficial applica- 
tion of the incitant to the intact skin. It would be premature to 
elaborate hypotheses concerning the differences in the processes 
leading to the two sorts of sensitization; tentatively it might be con- 
sidered that the cutaneous manifestations are due to antibodies, 
perhaps of a special sort, produced by and fixed in the skin (cf. 6), 
or one could possibly think of the formation of various sorts of anti- 
genic conjugates having the same “hapten component.” The answer 
to these and other possibilities must await further study. Yet it 
would be most unlikely that the two specific sensitization effects 
induced at the same time by intradermal injections of “non-antigens,” 
namely skin sensitivity and general anaphylaxis, are without a fun- 
damental relationship. 

That the two conditions are related is strongly indicated by the fact 
that both were found to be induced by substances characterized by 
their ability to form conjugates (2). Antibodies, it is true, have so 
far been demonstrated in our experiments only for the anaphylactic 
sensitization which results from intracutaneous (or even superficial) 
treatment with suitable chemical substances. However, in the ex- 
perimental allergic dermatitis of guinea pigs as in human contact 
dermatitis the instrumentality of antibodies in the broadest sense 
of the word, namely specific substances formed in consequence of 
previous contact,* must be assumed a priori because of the phenom- 
enon of specificity, although they have not as yet been experimentally 
established. Considering other cases, such as the absence of cir- 


* C/. Docrr (21, 22); Zinsser (23). 
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culating antibodies in later stages of the anaphylactic state, it is 
obvious that failure to demonstrate passive transfer of skin manifes- 
tations by means of serum is no decisive proof against the existence 
of antibodies, confined to the skin or perhaps circulating in small 
amounts and only transiently. Thus from the foregoing one may 
conclude that in the cases examined in this and in previous studies 
(1-3) the immunizing activity of conjugated antigens comes into 
play, this concept affording a plausible explanation for the immuno- 
logical effects of simple substances. 

SUMMARY 

It has been shown that by the cutaneous administration of simple 
chemical compounds in small quantities — 2:4:6 trinitrochlorobenzene 
(picryl chloride) and 2:4 dinitrochlorobenzene, the latter a typical 
incitant of contact dermatitis in man — it is possible to induce true 
anaphylactic sensitization in guinea pigs, demonstrable by the in- 
travenous injection of protein conjugates and by the Dale technique, 
using isolated uterine horns. This furnishes strong evidence for the 
formation of antigenic conjugates following application of substances 
of simple chemical constitution. Since the anaphylactic state is 
induced by the same method of administration that gives rise to 
cutaneous sensitivity, the assumption would appear justified, when 
one takes into account the chemical properties of the inciting sub- 
stances, that the formation of conjugated antigens offers an explana- 
tion for the skin effects also. 

In the experiments with picryl chloride, anaphylactic antibodies, 
and occasionally precipitins, have been demonstrated. 

The differences between the cutaneous and anaphylactic types of 
sensitivity are discussed. 
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Extracts of certain mammalian organs, notably the testicle, have 
the power to increase tissue permeability (1). The rapid fading out of 
the wheal of injection when such an extract has been injected con- 
trasts with the persistence of the bleb which follows the introduction 
of a fluid not possessed of the spreading property. The way in which 
tissue permeability comes to be modified is not yet understood. The 
permeated skin shows minor histological changes, which are restricted 
to the corium, the epithelial components remaining unaffected. In- 
jection of highly concentrated testicle extracts produces, in addition 
to the spread, a local edema (2). This fact suggests that the phenom- 
enon of spread may be related in some way to the processes which 
control the formation and removal of lymph. 

Heidenhain endeavored to prove that lymph was a product of 
secretion of the endothelium, and not the result of mere filtration 
through the vessel walls. He found that certain substances, for 
example, peptone, egg albumin, extracts of liver and intestine, but 
more especially, extracts of mussels, leeches, and crabs, would produce 
a lasting increase in the lymph flow though they had no effect on the 
blood pressure. He termed such substances lymphagogues of the 
first class (3). A second group of lymphagogues included substances 
which increased the lymph flow from the thoracic duct by raising the 
pressure of the blood. In view of the possible relationship between 
the spreading phenomenon and the formation of lymph, some of 
Heidenhain’s lymphagogues have been tested. In a preliminary 
investigation it was noted that egg albumin failed to produce a spread 
on injection into the skin and that one make of commercial peptone 
353 



354 


SPREADING PROPERTIES OR LEECH EXTRACTS 


had a slight effect, whereas another was completely inactive. A 
number of lymphagogues of the second class, including concentrated 
solutions of sodium chloride and sugar, caused no appreciable spread. 
Leech extracts, on the other hand, had a marked effect and the 
analysis of this fact has provided the material for the present com- 
munication. 

Material and Methods 

Preparation of Leech Extract . — The medicinal leech was used as the source of 
the extract. In some tests the crop was partially emptied of the blood previously 
ingested by leaving the leech in contact with crystals of sodium chloride or with 
a concentrated salt solution. The bodies were washed thoroughly, first with tap 
water and then with distilled water. They were then cut into small pieces and 
passed once or twice through a Latapie masher. The resulting pulp was ground 
with sand and extracted with a volume of distilled water equal to six times the 
weight of the pulp. After centrifugation, the supernatant fluid was filtered 
through coarse paper. The total solid content of such extracts was about 12 to 
18 mg. per cc. 

The testicle extract used in some tests for comparison was prepared in the 
manner already described (2). The extraction was made with a volume of dis- 
tilled water representing six times the weight of the pulp. 

.Determination of Spreading Power . — The power of an extract to spread was 
determined by measuring the area of diffusion 24 hours after the rabbit had been 
injected intradermally with the test solution mixed with India ink. The ink 
used as indicator was Higgins’ India ink diluted 1 : 3 with water and filtered through 
a Berkefeld candle. The area of spread depends to a large extent on the indi- 
vidual permeability of the rabbit skin, which varies greatly from one animal to 
another. In an attempt to take these variations into account, the area of spread 
produced by the extract was divided by the area of spread produced by a control, 
in this case saline or Ringer’s solution, giving an index of diffusion more or less 
independent of the individual permeability of the skin. 

The relation which exists between the extent of the spread and the concentra- 
tion of the factor in solution is not of a simple order. For instance, the area o 
spread normally produced by the undiluted extract may be reduced no more than 
one-half when a tenfold dilution of the extract. is inj’ected. This effect may e 
misleading when one has to compare the relative potency of different preparations 
obtained from the fractionation of an active extract. The difficulty may be par 
tially obviated by testing repeatedly the solution at various dilutions and compar 
ing the solutions giving equal spread. Such solutions may be assumed to contain 
an equal quantity of spreading factor. 

Spreading Properties of Leech Extract. — Preliminary tests had m 
cheated that leech extract increased the permeability of the skin 
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in a manner similar to that observed for testicle extract, but more 
markedly. The following experiments illustrate the comparative 
spreading power of the two agents. 

For the tests 0.5 cc. of leech extract, prepared in the manner de- 
scribed above, and 0.25 cc. India ink indicator were mixed in the sy- 
ringe and injected intracutaneously into the upper part of the flank of 
a rabbit. The first indication of the action of the solution was the 
lack of resistance as the injection proceeded, and the immediate 
flattening of the bleb thereafter. Dispersion of the ink particles 
through the dermis, a process which continued for several hours, was 
relatively rapid, the main direction of the spread being determined by 
gravity. 20 hours after the injection, the area of spread, calcu- 


TABLE i 

Effect of Leech and Testicle Extracts on the Permeability of the Rabbit Skin 


Extract tested 

Area of spread 
of 0.5 cc. extract 
plus 0.25 cc. 
India ink 
indicator 

Area of spread 
of 0.5 cc. saline 
plus 0.25 cc. 
India ink 
indicator 
(control) 

Ratio of active 
spread to spread 
of control 


jtf. cm. 



Leech. 

120.6 


24.1 

Leech (1:50 dilution with saline) 

15.7 

4.1 


Rat testicle 

14.3 

5.0 


Bull testicle 

18.3 

5.0 

siH 


lated from four similar experiments, averaged 120.6 sq. cm. The 
spreading mixture was found to have reached the lower part of the 
abdomen, extending to the mid-ventral line, and as far back as 
the scrotum. The skin of the involved area was thickened and 
edematous. 

Autopsy showed large amounts of a somewhat gelatinous fluid 
accumulated in the subcutaneous tissue of the lower part of the ab- 
domen and of the testicle. 

The results of four experiments are summarized in Table I. For 
comparison, the effects of the diluted leech factor, and of rat and bull 
testicle extracts, prepared in the same way and with the same propor- 
tion of fluid to tissue, are included in Table I. Fig. 1 illustrates the 
relative spreading power of leech and of bull testicle extracts. The 
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accumulation of fluid in the subcutaneous tissue, as a result of the in- 
jection of the leech extracts, would suggest that the leech factor, in 
at least one phase of its activity, affects the exchange of fluids in the 
living tissues. 

The fact that the leech extract, diluted 50 times, is practically as 
active as the undiluted testicular extract would indicate that the 
spreading factor is 50 times more concentrated in the standard leech 
extract, or that the leech factor is a chemically different substance, 
endowed with a spreading power considerably greater than that of 
the factor from testicle. With this problem in view, the chemical 
properties of the leech factor have been investigated. 

Chemical Properties of the Leech Spreading Factor 

Experiments on Solubility . — The leech spreading factor is readily soluble in 
water. Aqueous extracts of different parts of the leech (head alone, or body sepa- 
rated from the head) were brought to pH 4.5 by the cautious addition of 0.1 N 
acetic acid. An abundant precipitate separated, and another precipitate was 
formed when the acid solution was neutralized by means of N NaOH. The results 
of the tests in the rabbit skin are given in Table II. It shows that, after removal 
of the two precipitates, no more than 10 to 20 per cent of the factor originally 
present was retained in the solution. 

In the next experiment, an attempt was made to extract the factor directly 
with weak acid solutions. The pulp prepared by grinding the whole leech body 
was extracted with a volume of 0.1 N acetic acid equivalent to six times the weight 
of the tissue. A second lot was treated in the same way with 0.05 n acetic acid. 
The reaction of the two extracts after centrifugation and filtration was pH 4.0 
and pH 4.4, respectively. The use of acid solution instead of water resulted in a 
marked reduction in the solid content of the extracts, which was 9.9 mg. per cc. 
for the 0.05 N acetic acid extract, against 18.2 mg. per cc. for the water extract. 
The spreading power of these preparations is given in Table II. It shows that the 
spreading factor is soluble in weak acid, but the water extract was regularly more 
active. However, the loss in spreading power seemed to be compensated by a 
parallel loss in inert matter. When the spreading power was compared in terms of 
dry weight, the acid extract appeared to be at least as active as the neutral extract, 
giving a spread of 9.6 sq. cm. per mg. of solids as compared to 7.6 sq. cm. for the 
water control. . , 

The factor is not soluble in acetone. An aqueous extract was treated wj 
acetone, and the precipitate collected and dried in air. The acetone filtrate was 
evaporated to dryness. Extracts prepared from the two fractions were teste or 
spreading power. The acetone soluble fraction was inactive, and no more t an 
40 per cent of the original activity was recovered from the precipitate. When 
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results were calculated on the basis of dry weights, the extract from acetone pre- 
cipitation was found to represent a purer product in that the spread obtained was 
8.5 sq. cm. per mg. of solids, against 2.5 sq. cm. for the watery extract. The abso- 
lute loss in spreading power suggests that the factor is partially denatured by 
acetone. 

Experiments on Filtration .—' The leech factor readily passes a Berkefeld filter, 
but is completely held by a collodion membrane which retains proteins. The 


TABLE II 

Solubility in Weak Acid of the Spreading Factor of Leech Extracts 






Spread in tbe rabbit skin 

Material 

extracted 



Treatment of 
extract 

Area of 
spread 
of 0 5 cc. 
extract 
plus 0.25 
cc. India 
ink indi- 
cator 

Atea of 
spread 
of 0 5 cc. 
saline plus 
0 25 cc. 
India ink 
indicator 

Ratio of 
active 
spread to 
spread of 
control 

Leech head 

Distilled water 

6.9 


i q. cm. 

96.5 

sq. cm. 

5.3 

18.2 


<i «< 

1 6.9 

Brought to pH 

51.0 

5.3 

9.6 

Leech body , 

Distilled water 

7.1 | 

4.5 then 
neutralized 

37.4 

1 3.4 | 

11.0 

(head ex- 1 

“ “ 

7.i 

Brought to pH 

22.1 

3.4 | 

6.5 

eluded) 

Entire leech 

Distilled water 

7.0 

4.5 then 
neutralized 

65.8 

1.5 

43.8 


n: 10 acetic acid 

4.0 

Made neutral 

40.7 

1.5 

27.1 

Entire leech 

Distilled water 

7.0 



139.7 

5.5 

25.4 


n: 20 acetic acid 

4.4 

Made neutral 

95.0 

5.5 

17.3 


fresh extract of the leech proved to have little diffusible matter, as shown by the 
fact that the dry weight was reduced only from 18.3 to 15.8 mg. per cc. after 5 
hours dialysis in cellophane sacs, impermeable to proteins, on the shaking appa- 
ratus of Northrop and Kunitz (4). This treatment caused no reduction in the 
activity of the solution. 

Inactivation by Heat . — A leech extract, prepared in the usual way, and diluted 
1 :2 with Ringer's solution, was heated by immersion in boiling water for 6 min- 
utes. The resulting precipitate was removed and the clear supernatant fluid tested 
at various dilutions in the rabbit skin. The results arc shown in Table III. 
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The fact that the area of diffusion of the heated extract at the lowest dilution was 
not greater than that of the unheated extract, 50 times more diluted, indicates 
that no more than 2 per cent of the original spreading power was left after the 
heating. 1 

The fact that 90 to 98 per cent of the spreading power is lost upon heating a 
crude extract at 95°C. for 5 to 15 minutes, was demonstrated repeatedly in addi- 
tional experiments. The spread produced by the heated extracts was usually 
delayed and progressed slowly, as in the case of material of low grade activity. 


TABLE m 


Effect of Heat on the Spreading Power of Leech Extracts 






Ss 

Non-beated 

Extract heatec 






'll 

extract 

at 95°C. 


Test 

No. 

Solutions tested 
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u 

a 
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mg. 
per cc. 

sq. cm. 

sq. cm. 

m 

sq. cm. 



i 

Leech extract 

1:2 

5.90 

6.7 

66.7 

E®. 

40.7 

6.0 

Precipitate 


(1:6) 








formed 


it u 

1:20 


6.7 

58.8 

9.0 

23.5 

3.8 



tc it 

1:100 

0.12 

6.7 

39.2 

5.8 

14.8 

2.2 

a a 

2 

Leech heads ex- 


5.0 

5.9 

41.0 

7.0 

31.2 

5.3 

Remains 


tract (1:20) 








clear 


Extracts prepared from the leech head are usually purer than those prepared 
from the whole body. In the next experiment, leech heads were extracted with a 
volume of water equivalent to 20 times the weight of the tissue pulp. This ex 
tract, after centrifugation and filtration through paper, was immersed in boiling 
water for 15 minutes. In this case no precipitate developed to complicate the 
interpretation of the test. The results recorded in Table III show that, even m 
the absence of flocculation, the spreading power of the solution was considera y 
reduced by heat, indicating a direct action rather than a secondary inactivation 
by adsorption on a precipitate. 


1 Incidentally, these results illustrate the point, discussed above, that the area 
of spread is not directly proportional to the concentration of the active factor. 
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Separation by Copper Sulfate.— In the repeated attempts to find a simple method 
for the purification of the leech factor, it was found that copper sulfate would pre- 
cipitate large amounts of inert material without reducing the spreading power of 
the extract- A 0.5 per cent copper sulfate solution was added drop by drop to a 
water extract of leech heads until the reagent no longer produced further precipita- 
tion. After removal of the precipitate by filtration on paper, the clear solution 
was dialyzed against cold, distilled water on the shaking machine for 8 hours. 
Test showed that precipitation and dialysis had removed as much as 89.2 per cent 
of the solids of the original extract, the precipitation with copper having accounted 
for 60 per cent of the reduction. The final product, tested in the rabbit skin, 
showed a spreading power greater than that of the original extract. The relative 


TABLE IV 

Effect of Copper Sulfate on the Spreading Power of Leech Extracts 


Leech heads extract. . 


Copper sulfate filtrate 

Copper sulfate filtrate, dialyzed.] 
Copper sulfate, 0.5 per cent 
solution (control) 




Spread in the rabbit shin 

Characters of 
extracts 

Total 

solids 

Area of 
spread of 
0.5 cc. solu- 
tion plus 
0.25 cc. 
India ink 
indicator 

Ratio of ac- 
tive spread 
to spread 
of control 

Area of 
spread 

PE®* 

solids in 
solution 


MX. 
Per ce. 

sq. cm. 


sq. cm. 

Dark brown, 

14.7 

93 0 

17.0 

6.3 

turbid 

Clear, colorless 

5.5 

110.4 

20.0 

20.0 

“ “ 

1.6 

94.6 

17.1 

59.0 

- 


5.5 

- 

- 


spreading power, expressed in terms of dry matter in solution, was 6.3 sq. cm. per 
mg. solids for the untreated extract against 59.0 sq. cm. for the purified fraction. 
The results are shown in Table IV. 

The increase in spreading power, after treatment with copper sul- 
fate, is difficult to explain unless we assume that the action of the 
reagent dissociated inhibiting elements from the spreading factor, or 
that copper sulfate reacted with it to form a more active compound. 
A 0.5 per cent solution of copper sulfate had no apparent effect on 
skin permeability. 

In the foregoing tests the leech factor was found to be soluble in 
water and in weak add, but was predpitated by acetone. It did not 






360 


SPREADING PROPERTIES OE LEECH EXTRACTS 


pass collodion or cellophane filters, which retain proteins. There is 
evidence that the factor is inactivated by heat. All active fractions 
from the leech gave a positive diazo reaction, similar in this respect to 
the active fractions separated from testicle (5). In these general 
properties the leech factor resembles the testicular factor which, in a 
recent study, was shown to present the characters of proteins. Eluci- 
dation of the chemical relationship which may exist between the 
spreading factor from the leech and that found in mammalian organs 
must await further experiments. 

Relation between the Leech Anticoagnlating and Spreading Factors 

The anticoagulating properties of leech extracts have long been 
recognized (6). The occurrence of a spreading agent in the same 
extracts brought up the question of the possible identity of the two 
principles. The following experiments represent an attempt to disso- 
ciate the spreading from the anticoagulating factor. 

As the anticoagulating factor is assumed to originate in the buccal cavity and 
the pharynx (7), extracts of the different parts of the leech body were prepared and 
tested for the two factors. The head, taking in the first 10 segments, was the 
source of one extract and the rest of the body of the other. In some-tests the body 
was prepared before extraction by opening the crop and washing out the contents. 
Tests were also made of extracts prepared from the latter and from the gonads. 
The ovaries, spermatophores, and the nine pairs of testicles were extracted to- 
gether. Before testing, the crop content was diluted up to six times its volume 
with water. In all cases the tissue extracts were prepared as described above 
with a volume of water representing six times the weight of the tissue. The 
results of the tests in the skin of rabbits are shown in Table V. 

It will be seen from Table V that the greatest spread was obtained 
from the isolated head and gonads, these two fractions being about 
equal in effect. The spreading power exhibited by the crude body 
extract was practically, lost when, prior to mincing and extraction, 
the organs were removed and the internal wall was washed with a 
stream of water. Washing the surface of the sex organs before ex- 
traction removed also much of the spreading factor. It can be in 
ferred from this that the muscular sheet of the leech body contains 
no appreciable amount of the spreading factor, and that even an im 
portant part of that present in the extract of the unwashed gona s 
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may come from another source. It seems unlikely that surface wash- 
ing would remove the factor if it existed in the tissue. Body cavities 
and the sex organs located within the adjoining segments may conceiv- 
ably be contaminated by the content of the pharynx when the head is 
removed. According to these results, the anterior digestive tract 
would appear to be the main source of the spreading factor as well 


TABLE V 

Effects of Extracts from Different Parts of the Leech on Skin Permeability 


Tissues extracted 

Characters of 
the extracts 

pH 
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“Iff 
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mt. fer 

ee. 

sq.cm. 



Leech head 

Light brown or 

6 9-7.1 

13.1 

91.2 

5.0 

18.2 


greenish in 
color; clear 
or opalescent 







Light brown; 
opalescent 

'6.9-7. 1 


80.7 

4.9 

16.4 



Leech gonads (washed) 

Light brown; 

6.9-7. 1 

7 9 

41.6 1 

7.4 

5.6 


opalescent 







Dark brown to 
red in color; 

7.1 

14.7 

66.9 

4.9 1 

13.6 



turbid 






Leech body (washed) . . . . 

Dark brown to 

7.1 

8.0 

21.0 

7.4 

2.8 


red in color; 
opalescent 






Crop content (mainly in- 








Dark red; clear 











5 . 2 


^as that of the anticoagulating factor. Other methods have been 
sought to separate the two. 

Spreading and Anticoagulating Power of Leech Extracts . — In the next 
scries of experiments the leech extracts were tested for both spreading 
and anticoagulating properties. The anticoagulating power was 
determined by adding 0.5 cc. of leech extract to 2 cc. of fresh rabbit 
blood and recording the time of clotting. 
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As shown in Table VI, the extracts most active in retarding blood 
coagulation were also those endowed with the greatest spreading 
power. This parallelism was maintained when the leech extracts 
were heated by immersion in boiling water for 6 minutes. Purification 
by precipitation with copper sulfate and dialysis enhanced the spread- 
ing and anticoagulating properties of the extract. These results would 


TABLE VI 

Spreading and Anticoagulating Power of Leech Extracts 


Test 

No. 

Solutions tested 

Dilution of 
original extract 
with saline 

Area of spread 
of 0.5 cc. solu- 
tion plus 0.25 
cc. India ink 
indicator 

Clotting time ol 

2 cc. fresh rabbit 
blood plus 0.5 cc. 
test solution 

1 

Extracts from various sources 

Leech head 

m 

sq. cm. 

61.6 

mirt. 

100 


Leech body 


44.0 

14 


Leech gonads 

1:20 

32.3 

9 


Saline (control) 


6.6 

5 

2 

Leech head 

mm M 

33.0 

20 


Leech gonads (washed) 

MEM 

11.4 

2 


Leech body (washed) 

1:50 

10.6 

1 


Saline (control) 

— 

5.5 

1 

3 

Effect of heat on activity 

Leech head extract 

1:600 

39.2 

33 


Leech head extract, heated 

1:600 

14.8 

16 


Ringer’s (control) 

— 

6.7 

4 

4 

Effect of copper purification 

Leech body extract 


31.6 

24 


Leech body extract after copper 

— 

37.0 

Fluid after 12 


precipitation, and dialysis 
Saline (control) 

— 


hrs. 


seem to favor the view that both effects are produced by a single fac- 
tor. This opinion is not supported by the results given in Table VH. 

In this experiment, commercial hirudin (6, 7) and fresh leech ex- 
tracts were compared, the stock solutions being adjusted to contain 
5 mg. matter per cc. The anticoagulating power of the hirudin prep 
aration appeared to be even superior to that of the fresh extract of the 
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same concentration, whereas its spreading power was low and was 
practically abolished by 1:10 dilution. This indicates that the 
spreading and anticoagulating properties may exist independently in 
the leech extracts. 

From the foregoing experiments it appears that the spreading and 
anticoagulating factors have practically the same distribution in the 
body of the leech, originating for the most part in the anterior diges- 
tive tract. 2 It is still uncertain whether a single substance is endowed 
with both anticoagulating and spreading properties, although the 


TABLE VII 

Spreading and Aitticoagulaiing Properties of Leech Extracts and of 
Commercial Hirudin 


Solutions tested 

, Total 
solids in 
solution 

Area o! 
spread of 

j 0 5CC. 

solution 

1 plus 0 25 
cc. India 
| ink 

Clotting time of 2 cc. fresh rabbit 
blood plus 0.5 cc. test solution 

■ 

15 

min 

a 

10 1 

his. 1 

20 hrs. 

Hirudin 

Leech head extract 

Leech body extract 

Hirudin (1:10) 

Leech head extract (1:10).... 
Leech body extract (1:10).., 
Saline (control) 

mi. fer 
tc. 

5.0 

5 0 
5.0 
0.5 
0.5 

0 5 

Kl 

+ 

+ 1 
+ 

|++ 1 i 

Clot 

4- Clot not con- 
+ traded 

contracted 


existence of two factors appears to be probable. If two different fac- 
tors are involved, they may be closely related chemically, a fact which 
would explain the difficulties encountered in their separation. 

DISCUSSION 

The equilibrium between tissue fluid and the blood is maintained by 
the capillary wall, acting as a semipermeable membrane, and the 

* It is conceivable that the spreading factor is released together with the anti- 
coagulating factor at the moment of the bite. Professor L. Delrez has brought to 
our attention the fact that the therapeutic application of leeches is sometimes 
attended by extensive suffusion of blood in the subcutaneous tissue. 
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interplay of physical forces which give rise to filtration, osmosis, and 
diffusion. The theory which would refer the formation of lymph to 
these factors, first formulated by Ludwig and Starling, has received 
the support of modern investigators, and the observations that have 
accumulated on the subject are best interpreted in terms of this 
hypothesis (8-10). Heidenhain made the observation that certain 
substances, when introduced into the circulation, had the power to 
increase the lymph flow from the thoracic duct without exerting any 
definite action on the blood pressure (3). At the same time he noted 
that the content of organic matter in the lymph was augmented. He 
held these observations to demonstrate a secretory function of the 
capillary wall. The interpretation of Heidenhain is not accepted now 
and the facts are taken to indicate that the permeability of the endo- 
thelium of the vessels has been increased. The intimate changes in- 
duced in the capillary wall by Heidenhain’s lymphagogues of the first 
group, especially by extracts of leech and mussels, seem not to have 
been investigated. The effect of leech extract on lymph formation 
brings up the question whether the phenomenon of spread may be 
caused, at least in part, by a sudden increase in vascular permeability. 
An excess of fluid filtering through the capillary wall and flooding the 
tissue spaces may separate widely the components of the connective 
tissue where solutes or particles, if present, would be dispersed pas- 
sively. Against the view that a local increase in the permeability of 
the vessels is the only factor conditioning the spread, is the observa- 
tion that testicular (11) and leech extracts will spread, although to a 
lesser extent, in a fragment of skin separated from the body. 

Azoproteins have been shown to spread when introduced into the 
dermis (12). Although the area of spread produced by the injection 
of leech extracts or azoproteins may be ultimately the same, there is 
evidence that the phenomenon is induced by a different mechanism in 
the two instances. During the active spread the skin injected with 
leech extract remains smooth and relatively flaccid, whereas that re 
ceiving azoproteins becomes thickened and appears to be under ten 
sion. The osmotic pressure of the azoproteins tested for spreading 
power was found to be considerably greater than that of the uncouple 
proteins, which under the conditions of the experiments was neglig 1 e 
(12). The presence in the subcutaneous tissue of azoprotein solutions 
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oi high osmotic pressure may cause large quantities o£ fluid to filter 
from the vessels into the tissue spaces, until an equilibrium is reached, 
■without affecting necessarily the normal permeability of the blood 
capillary. As a result the tissue spaces would become distended tem- 
porarily by the excess of fluid, allowing a passive dispersion of the 
substances which may have been introduced along with the azopro- 
teins. Further experiments may be necessary to test this possible 
mode of action of azoproteins. 

SUMMARY 

1. The injection of leech extracts into the skin increases its per- 
meability, as shown both by the spread of fluid and of foreign par- 
tides through the dermis. The spread is followed some hours after 
the injection by more or less edema of the subcutaneous tissue. 

2. A preliminary study of the chemical properties of the leech 
spreading factor indicates a similarity with the spreading factor pre- 
pared from testicle. 

3. Attempts to separate the leech spreading and anticoagulating 
factors showed that the two have practically the same distribution in 
the leech body, extracts from the separated head being the most ac- 
tive. 

i. It is undetermined whether two distinct factors are responsible 
for the spreading and anticoagulating properties of leech extracts. A 
chemical similarity is suggested by the fact that agents which affect 
the activity of one factor have a parallel effect on the other. 

5. The mechanism of the spread produced by leech extracts and by 
other spreading agents is discussed. 
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EXPLANATION OF PLATE 9 

Fig. 1. Rabbit 9-99 (right side). The spread of India ink as influenced by: 
A, saline control; B, leech extract; C, bull testicle extract. The final measurements 
of the areas of spread were 6.6, 112.2, and 17.0 sq. cm., respectively. Under the 
action of the leech extract the ink particles spread extensively through the cutane- 
ous tissue. Less than 24 hours after the injection, the mixtures of leech extract 
inoculated respectively on the two sides of the back had merged under the abdo- 
men at the mid-ventral line. Ink particles were found accumulated along the 
abdomen as far back as the connective tissue of the scrotum. The subcutaneous 
tissue of the skin over the ventral surface of the abdomen was edematous. 
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The association of amidopyrine administration with the occurrence 
of acute agranulocytosis in human beings has been pointed out in a 
number of communications (1-4), However, attempts to confirm 
by experimentation the hypothesis of a toxic effect of amidopyrine 
on hematopoiesis have failed signally. Although in rare instances a 
decrease in the number of circulating granulocytes has been reported 
to follow the administration of amidopyrine to animals, such results 
have been so irregular as to throw serious doubt on the r61e of the 
drug as an inhibitor of blood formation. 

Miller (5) and Climenko (6) have published evidence that in animals 
fed amidopyrine in solution, histological examination of the bone 
marrow discloses definite pathological changes even though no marked 
decrease in the numbers of granulocytes in the circulating blood is 
present. Miller and Rhoads (7), in a study of the hematological 
changes associated with acute black tongue in dogs, reported that the 
acute stomatitis was occasionally associated with a decreased number 
of granulocytes in the peripheral blood. Histological studies of bone 
marrow removed at the height of the granulopenia revealed a relative 
decrease of mature hematopoietic elements. The change observed 
presented certain similarities to the pathological alteration of the 
bone marrow in acute granulopenia of man. 

In the case of acute stomatitis and granulopenia of the dog, the 
etiology is apparent; it is the feeding of a particular diet. In acute 
granulopenia of man the pathological changes are in certain respects 
similar to those of the dog, but the cause is obscure although amido- 
367 
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pyrine administration appears to play some part. It seemed possible 
then, that a faulty dietary might well be one factor at least which 
increased the susceptibility to the toxic effect of amidopyrine. To 
substantiate this hypothesis experiment should prove that a dose of 
amidopyrine which is ineffective alone will cause a well defined dis- 
turbance of hematopoiesis when it is added to a diet which is not by 
itself causative of symptoms. Such experiments have been performed, 
but paradoxically, the resulting disturbance of the circulating blood 
cells manifested itself in the erythrocytes rather than in the leuko- 
cytes. The results are reported in this communication. 

The experiments dealing with the effects of aromatic compounds on 
hematopoiesis have been reviewed recently in detail by Hamilton (8) 
and by Kracke (9) and need no discussion here. It suffices to state 
that the picture of progressive anemia, entirely similar to aplastic 
anemia in man, has not been encountered. Sudden and severe de- 
creases in number of white cells have been the rule. This last fact 
led Kracke (1) to suggest that the role of amidopyrine in granulopenia 
was one similar to that of benzol in the blood dyscrasias which are 
due to that chemical. 

The part played by diet in controlling the susceptibility of individ- 
uals to poisoning by aromatic compounds was suggested by studies 
of trinitrotoluol poisoning in Great Britain during the World War (10). 
Furthermore, Biberfeld (11) had observed that an inadequate dietary 
rendered rabbits susceptible to poisoning by amounts of methol which 
were non-toxic to animals fed a normal diet. 


Methods 

The animals employed were mongrel dogs of about 7 kilos in average weight. 
They were kept under standard conditions in individual cages with bedding o 
wood shavings. 

The so called normal diet was one which is fed as routine; and empirica y is 
known to be capable of maintaining dogs in good health over a period of severa 
years. It is a mixture of cooked beef, bread, and dog biscuit. The black tonS u _ ( ' 
diet was that described by Goldberger (12). It is known to cause acute a^ 
tongue when fed, without supplement, for a period of from 5 to 10 veeks. n a 
extensive study the feeding of this diet has never been known to cause £ yinP^°^ 
in previously no rmal dogs after a shorter interval. The diet was composed o 
following ingredients. 
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Articles of diet 

Quantity j 

Nutrients 

Protein 


Carbohy- 

drate 



X«. 

gm. j 


Com meal 


33.6 j 

mFrCM 


California black-eyed peas 





Casein (purified) 



! 


Cane sugar 




32.0 

Cottonseed oil 



15.0 


Cod liver oil 

30 


30.0 


Sodium cidoride 

3 , 




Calcium carbonate 

10 




Total nutrients i 

96.3 


358.4 

Nutrients per 1000 calories 

40 1 

| 26.9 

149.3 


The com meal, peas, and casein were mixed and cooked for 2 hours in a steam 
cooker. The remaining ingredients were then added and thoroughly mixed. 
The dogs were fed daily and were allowed to eat as much as they chose. 

Blood was taken from the jugular vein in a standard amount of potassium 
oxalate for routine examinations. Determinations of the number of erythrocytes 
and leukocytes were made in standard pipettes and counting chambers. The 
hemoglobin was estimated by the Sahli method, employing a glass standard. 
The Sahli tubes were carefully calibrated and checked at frequent intervals by 
the Oj-combining capacity method of Van Slyke (13). 

The amidopyrine used was lot 1,433, manufactured by the H. A. Meta Labora- 
tories, New York. It was administered by stomach tube in a 5 per cent solution 
in water. Mild heating was required to effect a solution of that strength. 

General Results 

The effect of the administration of 0.5 gm. of amidopyrine daily was 
tested on two groups of dogs. One group of 12 was fed the Gold- 
berger black tongue diet and the other group of 3 received the normal 
diet. In the first group (Table I), severe ulcerative stomatitis and 
profound anemia appeared between the 2nd and 9th weeks of treat- 
ment in 9. Three dogs, Nos. 2, 11, and 12, failed to develop severe 
anemia. . Anorexia, loss of weight, and diarrhea were marked features. 
No striking granulopenia was observed. The bone marrows of the 
animals which died revealed a suppression of hematopoietic maturation 
In the control group of animals (Table II) which w'ere subjected to the 
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same medication but were fed the normal diet, no symptoms resulted. 
The experiment was repeated, employing larger doses of ami dopyrine 
(Tables III and IV). Both stomatitis and anemia were severe in the 
animals fed the black tongue diet, but in those fed the normal diet 
only a mild anemia resulted. No distinct granulopenia occurred at 
any time in any experimental am'mal although histological study of 
the bone marrows of the animals which died showed a well defined 
interference with maturation of both red and white cells. 

Anemia 

The fall of erythrocyte levels was rapid in those animals in which 
anemia occurred. In the group fed amidopyrine plus the diet produc- 
ing black tongue, the anemia was profound, the erythrocyte count in 
some instances reaching 50 per cent or less of the original level. In 
general, the fall of hemoglobin levels paralleled the fall in erythrocytes, 
giving a color index which is approximately normal for the dog. 
Marked variation in size and shape of erythrocytes was a feature at the 
height of the anemia. Reticulocyte counts were not done. There 
was no increase in the bilirubin content of the serum as indicated by 
the icterus index. 


Stomatitis 

The stomatitis appearing in those dogs fed the black tongue diet 
supplemented by amidopyrine was somewhat similar to that seen 
when the diet alone was fed for a longer period of time. The first 
manifestation was a marked dusky red coloration of the entire oral 
and pharyngeal mucous membrane. After a short time, small, dis- 
crete ulcerations appeared, most frequently just anterior to the 
pharyngeal pillars. These showed a base covered by yellow necrotic 
material and a raised, injected margin. At this stage, salivation was 
severe. In some instances the ulceration remained localized, and in 
others it progressed until multiple, coalescent lesions were present an 
were covered by a membrane of necrotic material. The loss of tissue 
was more severe, though more localized, than that seen in most in 
stances of black tongue due to feeding alone. 
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Pathological Changes of the Bone Marrow 
In Figs. 1 and 2 are shown low and high power photomicrographs o£ 
the bone marrow of dog 3, which developed severe anemia and died 
following the combination of feeding the black tongue diet and the 
daily administration of 0.5 gm. of amidopyrine. Similar changes 
were seen in other animals which died. 

The normal arrangement of femoral bone marrow in the dog is 
almost completely obliterated. Instead of well defined islands of 
orderly hematopoiesis, the cells are scattered irregularly throughout 
the marrow tissue (compare with Fig. 3 which shows normal canine, 
femoral marrow). There is a striking suppression of maturation, 
particularly as concerns the cells of the erythropoietic series. Normo- 
blasts and late erythroblasts are almost completely absent. A very 
definite increase in young cells has taken place as shown by the pres- 
ence of many undifferentiated forms which vary somewhat in size. 
The most common one is a small, round cell with a small amount of 
basophilic cytoplasm and a deeply staining nucleus containing a very 
large amount of chromatin. This is held to be the primitive erythro- 
poietic cell of Sabin (14). Various modifications of the primitive cell 
are present; some have more cytoplasm and a looser arrangement of 
nuclear chromatin. All of the stages in development up to that of the 
erythroblast are represented but only a few examples of more mature 
red cells are at hand. 

An interference with the maturation of the granulocytes is less 
marked but is definite, in spite of the absence of granulopenia in the 
circulating blood. Granular leukocytes and their precursors are pres- 
ent in reduced numbers in the marrow. Furthermore, they show 
well defined evidence of damage as indicated by pyknosis of nuclei, 
abnormal size and shape, and irregular staining. No interference with 
the megakaryocytes can be made out. 

Experiment 1. Table I. Text-Fig. 1 

In this experiment, 12 dogs fed the black tongue diet received 0.5 
gm. of amidopyrine daily. The results can best be seen by examina- 
tion of the protocol of an animal which is typical of the series. It 
should be noted that in this instance the oral lesions appeared in less 
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than 10 days after the experimental diet feeding was begun, whereas 
such changes have never been observed in this laboratory from diet 
feeding alone before the 5th week. 

Dog 4 . — 

5- 31-34. Black tongue diet feeding begun. Amidopyrine administration 
0.5 gm. daily begun. 

6- 12-34. Multiple small shallow punched out ulcers have appeared on the 
buccal mucosa. These range from 0.2-0.5 cm. in diameter and show a yellow 


TABLE I 


High and Low Blood Levels in Dogs Receiving Goldberger Diet and Amidopyrine, 

0.5 Gm. Daily 


Dog No. 

Before amidopyrine 

Time on 
amido' 
pyrin e 

Time 
on diet 

After amidopyrine 

Remarks 

R.B.C. 
per c. min. 

Hb 

R.B.C. 
perc. mm. 

Hb 


millions 

per cent 

days 

days 

millions 

per cent 


i 

560 

62 

8 

8 

249 

39 

Amidopyrine discontinued. 








Recovered 

2 

576 

81 

12 

12 

390 

70 

Died 

3 

672 

111 

29 

29 

175 

30 

it 

4 

669 

102 

33 

33 

356 

62 

U 

5 

558 

86 

35 

55 

293 

44 

Amidopyrine discontinued. 








Recovered 

6 

747 

107 

31 

51 

271 

57 

it tt 

7 

704 

93 

30 

50 

2 88 

55 

it u 

8 

660 

95 

28 

48 

168 

29 

it « 

9 

589 

87 

19 

33 

291 

41 

tt tt 

10 

539 

80 

41 

41 

164 

29 

tt tt 

11 

459 

90 

57 

57 

399 

73 

— 

12 

783 

103 

30 

40 

527 

92 

— 


base with a reddened margin. There is active salivation. The whole oral an 
pharyngeal mucous membrane is a deep and dusky red. There is fairly active 
diarrhea. The animal refuses food. 

6-16-34. The ulcerated areas which have shown little change since 6-12 have 
now extended and show a tendency to coalesce. They are much deeper and show 
more necrotic tissue at the border. . 

6-20-34. The buccal and pharyngeal mucous membrane is almost replace > 
an extensive coalescent, deep ulceration with gangrene of the submucous tissue. 
Salivation is very active and the animal appears ill. Diarrhea has been presen 
even,’ day. There is marked loss of weight, complete anorexia, and progressive 
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weakness. Amidopyrine is discontinued. From this time on there is a distinct 
tendency of the ulcerated areas to heal. Weakness and anorexia persist, however. 
7-6-34. After a progressive increase in weakness the animal is found dead. 


Goldbcrgci' diet + 0.5 gm. amidopyrine t^d. 



Text-Fig. 1 


Autopsy. An extensive gangrenous stomatitis is present. The marrow of the 
femur is a reddish yellow in color. No other gross lesions of the organs are seen. 
The microscopical changes are described under pathological alterations. 



TABLE H 


High and Low Blood Levels in Dogs Receiving Normal Diet and Amidopyrine, 

0.5 Gm. Daily 


Dog No. 

Before amidopyrine 

Time on 
amidopyrine 

After amidopyrine 

Remarks 

R.B.C. per 
c. mm. 

Hb 

R.B.C. per 
c. mm. 

Hb 


millions 

per cent 

days 

millions 

per cent 


1 

644 

86 

36 

468 

86 

Well 

2 

492 

70 

36 

608 

91 

<< 

3 

487 

81 

36 

586 

98 

(I 
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Experiment 2. Table II. Text-Fig. 2 

This experiment served as a control on Experiment 1. 3 dogs fed 
the normal diet were given 0.5 gm. of amidopyrine daily. The two 
experiments were performed in parallel and the conditions differed in 
no detail other than the diet. 

In no instance did either mouth lesions or blood dyscrasia occur in 
this group of animals. They remained in excellent health throughout 
the period of observation. 


table m 

High and Low Blood Levels in Dogs Receiving 2 Gm. Amidopyrine Daily and 
Goldberger Diet 



Text-Fig. 3 


Experiment 3. Table III. Text-Fig. 3 
Three dogs were fed the black tongue diet and received 2 gm. daily 
of amidopyrine. The results of the treatment are presented in Table 
III and in Text-fig. 3. All of the animals developed a severe grade of 
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anemia and one died. In the remaining 2, treatment was discontinued 
and recovery ensued. One striking discrepancy between this experi- 
ment and Experiment 1, in which only 0.5 gm. of amidopyrine was 
administered daily, was observed. The animals receiving a smaller 
amount of the drug all showed ulceration of the oral mucosa, whereas 
those given a larger amount did not manifest that change. No 
explanation is at hand for this difference. 


Dog 3 — 

4- 23-34. Black tongue diet administration begun. 

5- 9-34. Amidopyrine, 2 gm. daily begun. 

5-16-34. A tonic and clonic convulsion occurs lasting several minutes follow- 
ing the amidopyrine administration. This is followed by a period of marked 
weakness of the extremities. 

5-18-34. Severe salivation follows the amidopyrine administration. No more 
convulsions have been observed. 

5-26-34. The animal has a severe anemia and is weak and pale. Amidopyrine 
administration is again followed by a convulsion. Later the dog is found dead. 

Autopsy . — No abnormality of the organs except the bone marrow is found other 
than a very marked degree of pallor. The bone marrow appears redder and more 
cellular than normal to gross examination. 

Experiment 4. Table IV. Text-Fig. 4 

This experiment served as a control on Experiment 3. 5 animals 
were fed the normal diet and at the same time given 2 gm. of amidopy- 
rine daily. The results are shown in Table IV. In contrast to the 
animals of Experiment 2, which received the same diet but only 0.5 
gm. of amidopyrine daily, those given the larger amount of the drug 
did evince a definite fall in erythrocyte values. At no time, however, 
were mouth lesions or evidence of gastro-intestinal tract involvement, 
such as diarrhea, present. The animals continued to eat well and 
remained in relatively good health. The grade of anemia encountere 
in this group was not as severe as that seen in the animals fed the 
black tongue diet. In further experiments of this type similar results 
have been encountered. Whereas some depression of erythrocyte 
levels can be caused by the prolonged administration of large amounts 
of amidopyrine, it is irregular and of mild degree. 
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TABLE IV 

High and Low Blood Levels in Dogs Receiving Normal Diet and Amidopyrine , 
2 Gm. Daily 


Dog 

No. 

Before amidopyrine 

Time on 
amido- 
pyrine 

After amidopyrine 

Remarks 

R.B.C. 
per c. mm 

Hb 

R.BC. 
per c. ram 

Hb 

4 

millions 

6.29 

per cent 

89 

Jays 

15 

millions 

3.59 

fer cent 

69 

Amidopyrine discontinued. Re- 

5 

5.31 

80 

17 

3.29 

63 

covered 

(1 u 

6 

HiM 

75 

9 

2.82 

43 

" u 

7 

6.29 

96 

12 

3.62 

66 

Died after convulsion 

8 

5 70 

93 

17 

2.81 

48 

Died, pneumonia 


Normal diet 2 gm. amidopyrine q d. 



Text-Fig. 4 
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Experiment 5. Text-Fig. 5 

As a supplement to the studies which have been described, this 
experiment tested the effect of administering 0.5 gm. of amidopyrine 
daily to 2 dogs over long periods of the feeding of both good and bad 
diets. 

The results are presented in Text-fig. 5. The administration of the 
drug during a period of normal diet feeding was without marked effect. 
When the black tongue diet was fed and the drug administration was 
continued, there was a pronounced decline of the blood values to low 
levels. When vegex, a commercial yeast preparation, was adminis- 
tered in amounts which were known to be effective in the prevention of 
black tongue, a remission of the anemia was effected. The blood was 
maintained at levels approaching the normal as long as the vegex 
supplement was continued, but fell when it was omitted. This was 
true in spite of the fact that the amidopyrine administration was con- 
tinued throughout the course of the study. 

DISCUSSION 

In the experiments reported, anemia was brought about in dogs fed 
the black tongue diet by the administration of amounts of amidopy- 
rine which were without effect when given to dogs fed a normal diet. 
When sufficient amounts of the drug were administered to dogs fed 
the normal diet, an anemia did result. It was not as severe as that 
caused by administering amidopyrine to animals on the inadequate 
diet and was not associated with stomatitis. Ulceration of the oral 
and pharyngeal mucous membrane was a striking feature when amido- 
pyrine administration was combined with the inadequate diet. That 
the anemia and stomatitis were not due to the diet alone is clear from 
the fact that they occurred before they could be expected if only the 
special diet was fed. Moreover, they were more severe than are the 
changes of black tongue and were of a somewhat different character. 

The absence of leukopenia was remarkable, particularly since it 
would have been expected, at least in a mild degree, from the histolog- 
ical appearance of the bone marrow. From this fact it would appear 
that the action of amidopyrine is neither exactly that of benzol nor 
of the black tongue diet alone. On the other hand, the toxic effect 
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on the bone marrow of the administration of an aromatic compound is 
so dependent upon such factors as dosage, diet, route of administra- 
tion, and host susceptibility that it is difficult to prognosticate what 
the effect will be in a given instance. 

The histological alterations of the bone marrow were of particular 
interest. They appeared to be similar to those described in a case of 
benzol poisoning by Andersen (IS) and also to those seen in several 
cases of aplastic anemia studied in this laboratory in which no history 
of exposure to benzol was available. 

One aspect of the experiments deserves special consideration; the 
fact that the combination of amidopyrine administration and the diet 
feeding gave a pathological result not wholly dissimilar from that fol- 
lowing a sufficiently long period of the diet feeding alone. The stoma- 
titis was similar to that of some cases of acute black tongue, though 
different in minor details from most. Anemia of mild degree has been 
reported to occur irregularly in recurrent, chronic black tongue by 
Rhoads and Miller (16) and Spies (17). A suppression of maturation 
of the hematopoietic elements of the bone marrow has been described 
in both acute and chronic black tongue by the same authors. The 
suggestion may be advanced that the factor in the diet which makes it 
productive of black tongue is an aromatic compound or that the diet 
renders the body incapable of detoxifying some aromatic compound, 
either present in the diet or a product of intrinsic metabolic formation. 
Further experiments dealing with this subject are in progress. 

SUMMARY AND CONCLUSION 

1. By feeding dogs a black tongue diet and at the same time ad- 
ministering amidopyrine, acute stomatitis and anemia may be pro- 
duced. 

2. Both stomatitis and anemia occur some time before they coul 
be expected to appear as result of the diet feeding alone. 

3. The anemia is associated with suppression of maturation of the 
hematopoietic bone marrow elements. 
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EXPLANATION OF PLATE 10 

Fig. 1. Photomicrograph of the bone marrow of dog 2. The marrow is less 
cellular than normal and the degree of cell differentiation is reduced. Mallory's 
eosin and methylene blue. X250. 

Fig. 2. Photomicrograph of the bone marrow of dog 2. Mallory’s eosin and 
methylene blue. X1000. 

Fig. 3. Photomicrograph of the normal canine femoral bone marrow. Mal- 
lory’s eosin and methylene blue. X 1000. 
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THE COMPOSITION OF SPECIFIC PRECIPITATES IN THE 
REGION OF ANTIGEN EXCESS 

By SAUL MALKIEL and WILLIAM C. BOYD, Pn.D. 

(From Boston University School of Medicine , and Evans Memorial, Massachusetts 
Memorial Hospitals, Boston) 

(Received for publication, May 28, 1937) 

There have been a number of studies of the composition of the pre- 
cipitate formed in antigen-antibody systems in the neutral zone and 
the zone of antibody excess, and a quantitative theory (3, 4) of the 
precipitin reaction has been proposed. In these regions all, or by far 
the larger amount of the antigen is precipitated, and if we know the 
per cent of nitrogen in the antigen, we can calculate the composition 
of the precipitate from a simple determination of the total N of the 
precipitate. Heidelbergcr and Kendall (3, 4) have developed a 
method for determining the antigen in the supernatants of mixtures 
where all the antigen is not precipitated, which gives good results in 
part of the zone of antigen excess, but becomes unsatisfactory when 
the excess is large. It has also been shown (5) that by making use of 
the linear relation between the time of flocculation and the dilution 
of the antigen which holds with antibody excess, the antigen left in 
supernatants, or in fact any unknown concentration of antigen, can be 
rather accurately estimated. As yet this method has received little 
application. 

Since the amount of antigen not precipitated in the region of anti- 
gen excess has thus proved difficult to measure, it is not surprising 
that few studies of the composition of the precipitate in this region 
have been made. The only one known to us which mapped out this 
region with any completeness is that of Heidelberger and Kendall (3), 
where the authors made use of a colored antigen obtained by coupling a 
dye to egg albumin (cf. 2). Part of the range in the case of the egg 
albumin system has been studied, but it was stated “. . . the inhibition 
zone data in the Ea-A system offer too many uncertainties to warrant 
treatment of this portion of the reaction range ...” A few points 
383 
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have been obtained by Marrack and Smith (8). No other data are 
known to us where information is given on the location of any reference 
point, such as the optimum or equivalence point (see below). There- 
fore it seemed desirable to investigate the composition of the precipi- 
tate in this region to discover what regularities may obtain here in 
the behavior of the precipitates, and to provide data for testing theo- 
ries of serological reactions. To supplement the study of Heidelberger 
and Kendall (3) it seemed desirable to have data on a natural protein 
and its antibody. 

Attention has previously been called to the fact that the hem- 
ocyanins are very satisfactory antigens for quantitative studies-on the 
precipitin reaction (6), because of their high antigenicity, and the 
presence of a readily determined inorganic atom, or marker. By 
copper determinations on the precipitate formed the amount of 
antigen therein contained is easily calculated, and by subtraction of 
the antigen nitrogen from the total, that due to antibody is readily 
found. If we disregard small amounts of salts, lipoids, etc., this 
determines the composition of the precipitate. Since the analyses 
are carried out upon the precipitate, the method is clearly independent 
of the exact amount of antigen precipitated. 

Methods 

The analytical methods followed in the present study were the same employed 
by Hooker and Boyd (6). 

In order to have a reference point from which to measure the amount of anti- 
body added to a given amount of antigen, the optimal proportions point, referre 
to here as the optimum, was determined for each system, and precipitates pre 
pared using appropriate multiples and fractions of this amount of serum. This 
gave results more comparable than the use of arbitrary amounts of antiserum, 
since it at least partly corrected for differences in strength of different sera. c 
equivalence point (mid-point of the equivalence zone) was also estimated in mos^ 
cases. The actual amounts of the two reagents used depended upon the P art 
the range being studied and upon the purpose for which the precipitate nas to 
used, as those for copper determination had to be larger than those for tota 
Precipitates were kept first at 37° for 2 hours, then in the ice box overnig t, 
longer in the case of large antigen excess. 

The experiments were done in duplicate, i.e., four precipitates, two for co fT 
and two for total N, were prepared at each point of the range studio . ^ 

precipitates were washed with amounts of saline proportional to their size, ^ 
lyzed, and the results matched according to relative magnitude, in other ' vor > 
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the low copper paired with the low N, and so on. This gave better checks and 
seemed fully as defensible as any alternative procedure. The antigen nitrogen in 
the precipitate was calculated by multiplying the Cu value found by the ratio 
N /Cu in the hemocyanin. The analysis of separate precipitates, instead of aliquot 
portions of one larger precipitate, is attended with some loss in accuracy, as the 
precipitates are not always absolutely identical, but it has the advantage of sim- 
plicity and ease of manipulation. 

Two purified hemocyanins, that of the horseshoe crab ( Limulus polyphemus), 
and of a snail ( Viviparus inalleatus), were injected into rabbits, and two different 
bleedings, after 4 and 6 weeks, respectively, taken from each animal. These are 
designated by subscripts, the subscript ( 4 ) referring to the later bleeding. The 
sera were passed through a Berkcfeld filter. 


RESULTS 

The results of our analyses of precipitates, from the equivalence 
point to the largest antigen excess feasible with the amounts of serum 
at our disposal, are given in Tables I to VII. Our actual results have 
Seen recalculated to the basis of the amounts from 1 ml. of antiserum, 
and also to the basis of 1 mg. of antigen, to make the results compar- 
able with each other. The results of the two methods of calculation 
are of course not identical, but the relation between antibody and 
antigen in each precipitate remains the same. 

In the tables “fraction of optimal serum added” means that portion 
or multiple of the amount of serum found by the optimal proportions 
titration to be equivalent to 1 mg. of antigen, and “fraction of optimal 
antigen added” similarly means the portion of the amount of antigen 
found to be equivalent to 1 ml. of antiserum. These values are 
reciprocally related, that is, a mixture in which double the optimal 
amount of antigen has been added to a given amount of antiserum 
has the same composition as one in which to a given amount of anti- 
gen has been added one-half the optimal amount of serum. In this 
study we have considered the antiserum as the variable, since it has 
previously been maintained (7) that many features of the precipitin 
reaction can be explained by considering the primary process to be the 
surface coating of the antigen particles with more or less antibody. 
The completeness of the coating would then depend, among other 
factors, upon the relative amount of antibody available. 
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DISCUSSION 

From the results in the tables it will be seen that the amount of 
precipitate obtainable from 1 ml. of antiserum increases with increasing 
amounts of antigen, reaches a maximum, and then declines, in agree- 

TABLE i 


Antibody N, Antigen N, and Total N in Precipitates Made with Anli-Viviparus 

Serum 926\ 


Calculated to 1 ml. of serum 

Calculated to 1 

mg. of antigen 

R 

Fraction of 
optimal 
antigen 
added 

Total 

N 

Antigen 

N 

Antibody 

N 

Fraction of 
optimal 
serum 
added 

Total 

N 

Antigen 

N 

Antibody 

N 

0.62 

0.746 

0.165 

MSI 

1.60 

0.835 


■RRjfpl 

3.53 



0.166 

Eli 


0.865 

0.185 

Em 

3.66 

0.71 


0.189 

0.632 

1.40 

0.801 

0.184 

0.617 

3.34 


0.833 

0.189 

0.644 


0.814 

0.184 

0.630 

3.41 

1.00 

0.926 

wm 

0.674 

1.00 

0.648 

0.176 

0.472 

2.67 


0.940 

EH 

0.668 


0.660 

0.192 


2.45 

1.25 

1.053 

0.312 

0.741 

0.80 

0.592 

0.176 

0.416 

2.37 


1.053 

0.329 

0.724 


0.592 

0.185 

0.407 

2.20 

1.67 

1.147 

0.356 

0.791 

0.60 

0.485 

0.151 

0.334 

2.22 


1.150 

0.373 

0.777 


0.486 

0.158 

0.328 

2.07 

2.50 

1.220 

0.429 

0.791 

0.40 

0.341 

0.120 

0.221 

1.85 


1.240 

0.486 

0.754 


0.346 

0.135 

0.211 

1.55 

5.00 

9 

0.451 

0.578 

0.20 

0.143 

0.063 

0.081 

1.28 


rim 

0.590 

0.445 


0.144 


0.062 

0.75 

10.0 

0.650 

0.363 

0.287 

0.10 

0. 045 

Ipji 

0.020 

0.79 


0.705 

0.374 

0.331 


0.049 

m 

0.023 

_ 

0. 88 


R stands for the ratio of antibody N to nitrogen N in the precipitate. ^ 0T C 
meaning of other expressions used, see text. Equivalence point ratio for u 
1.25 of optimal amount serum (per mg. of antigen). 


ment with the data of other workers. The maximum did not in our 
experiments coincide with the optimum nor fall in the equiva e ^ 
zone, but in general occurred far in the region of antigen exce. 
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Looking at the actual amounts of antigen and antibody precipitated, 
we see that each of these also passes through a maximum, but that 
the two maxima do not coincide, so that the precipitate maximum is 
the resultant of two tendencies. The maximum in the amount of 
antigen precipitated by 1 ml. of antiserum is not reached until rela- 

TABLE U 


Antibody N, Antigen N, and Total N in Precipitates Made with Anli-Vtviparus 
Serum 9Z6z 


Calculated to 1 ml. of serum 


R 

Fraction of 
optimal 
antigen 
ad d«l 

Total 

N 

Antigen 

Antibody 

N 

Fraction of 
optimal 
aerum 
added 

Total 

N 

Antigen 

Antibody 

0.71 

1.035 

0.111 

0.924 

1.40 

0.798 

0.086 

0.712 

8.32 


1.058 

0.170 

0.888 


0.816 

0.131 

0.685 

5.23 

1.00 

1.170 

0.209 

0.961 

1.00 

0.651 

0.116 

0.535 

4.60 


1.186 

0.238 

0 948 


0 661 

0.133 

0.520 

3.97 

1.25 

1.247 

0.270 

0.977 

0.80 

0.561 

0.121 

0.440 

3.64 


1.252 

0.313 

0.939 


0.563 

0.141 

0.422 

3.00 

1 67 

1.376 

0.341 

1.035 

0.60 

0.462 

0.115 

0.347 

3.04 


1.380 

0.348 

1.032 


0A63 

0.116 

0.347 

2.97 

2.50 

1.518 

0.399 

1.119 

0.40 

0.341 

0.089 

0.252 

2.80 


1.527 

0.494 

1.033 


0.344 

0.111 

0.233 

2.09 

5.00 

1.362 

0.480 

0.882 

0.20 

0.152 

0.054 

0.098 

1.83 


1.368 

0.497 

0.871 


0.153 

0.056 

0.097 

1.75 

10.0 

0.765 

0.250 

0.515 

0.10 

0.043 

0.014 

0.039 

2.06 


0.865 

0.339 

0.526 


0.049 

0.019 

0.030 

1.55 


Symbols as in Table I. Equivalence point = 2.00 optimal serum. 


tively huge excesses (2- to 5-fold) of antigen have been added. From 
the right hand half of the tables it is seen that the amount of precipi- 
tate from a given amount of antigen is greater, the greater the amount 
of antiserum used (we know from other work that it approaches a 
maximal value for each system), and falls consistently as less anti- 
serum is used, as do the amounts of the antibody and antigen in- 
dividually. 
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We were primarily concerned in this work, however, to study the 
composition of the precipitate, as a function of the relative amounts 
of antibody and antigen mixed to produce it. One of us wrote pre- 
viously (5): . . we need two relations, [1], Ab/An = F(AB/AN), 

where the expression Ab/An means the ratio by weight of antibody 


table m 

Antibody N, Antigen N, and Total N in Precipitates Made with Anli-Viviparus 


Serum 927\ 


Calculated to 1 ml. of serum 

Calculated to 1 

mg. of antigen 


Fraction of 
optimal 
antigen 
added 

Total 

N 

Antigen 

N 

Antibody 

N 

Fraction of 
optimal 
serum 
added 

Total 

N 

Antigen 

N 

Antibody 

N 

R 

0.67 

0.736 

0.144 

0.592 

1.50 

0.773 

0.152 


4.11 


0.778 

0.172 

0.606 


0.817 

0.181 

0.636 

3.53 

1.00 

0.890 

0.200 

0.690 

1.00 

0.625 

0.142 

0.483 

3.45 


0.902 

0.257 

0.645 


0.632 

0.180 

0.452 

2.51 

1.25 

0.924 

0.286 

0.638 

0.80 

0.518 

0.160 

0.358 

2.23 


0.935 

0.302 

0.633 


0.525 

0.170 

0.355 

2.10 

1.67 

1.027 

0.287 

0.740 

0.60 

0.432 

0.121 

0.311 

2.58 


1.080 

0.319 

0.761 


0.453 

0.134 

0.319 

2.39 

2.50 

1.038 

0.316 

0.722 

0.40 

0.291 

0.089 

0.202 

2.28 


1.150 

0.378 

0.772 


0.322 

0.106 

0.216 

2.04 

5.00 

1.220 

0.488 

0.732 

0.20 

0.170 

0.068 

0.102 

1.50 


1.235 

0.512 

0.723 


0.172 


0.101 

1.41 

10.0 

0.870 

0.394 

0.476 

0.10 

0.063 

Ipjlflf 

0.034 

1.21 


1.190 

0.466 

0.724 


0.086 

mm 

0.052 | 

1.55 


Symbols as in Table I. 


to antigen in the resulting precipitate, and AB/AN means the ratio o^ 
antibody to antigen mixed to produce this precipitate, and , ° 
course, is the sign of a function . . (With the second re ation 
proposed we are not concerned here.) It would seem . that 
present data establish the form which the above function ta 'cs 
in the region of antigen excess, at least for the systems stu 
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here. Reference to Fig. 1 will show that the ratio R - Ab/An is 
in fact within limits of error a linear function of the fraction of 
optimal antibody used. The figures for R unfortunately magnify 
somewhat, as do the results of indirect analysis, the experimental 
errors, since an error in the estimation of either Cu or N affects both 
the estimate of Ab and that of An. But it would be difficult to find 
any other one type of curve which would fit the data better than a 


TABLE IV 


Antibody N 1 Antigen N, and Total N in Precipitates Made with Anli-Viviparus 
Scrum 927i 


Calculated to 1 ml. 0/ serum 

Calculated to 1 mg. of antigen 

R 

Fraction o( 
optimal 
antigen 
added 

Total 

N 

Antigen 

N 

Antibody 

N 

Fraction of 
optimal 
serum 
added 

Total 

N 

Antigen 

N 

Antibody 

N 

0 71 

0.567 

0.160 

0.407 

1.40 

0.555 

0.156 

0.399 

2.55 


0.568 

0.185 

0.383 


0.555 

0.180 

0.375 

2.07 

1.00 

0 616 

0.200 

0.416 

1.00 

0.432 

0 140 

0.291 

2.08 


0.620 

0 236 

0.384 


0.435 

0.166 

0.269 

1.63 

1.25 

0 639 

0.225 

0.414 

0 80 

0.359 

0.127 

0.232 

1.84 


0.657 

0 288 

0.371 


0.369 

0.161 

0.208 

1.29 

1 67 

0.647 

0.342 

0 305 

0.60 

0.271 

0.143 

0.128 

0.89 


0.669 

0.410 

0.259 


0.281 

0.173 

0.108 

0.63 

5.00 

0.433 

0.337 

0.096 

0.20 

0.060 

0.047 

0.013 

0.28 


0.488 

0.396 

0.092 


0.068 

0.055 

0.013 

0 23 


Symbols as in Table I. 


straight line. In the region of antibody excess the relation between 
R and the fraction of serum used is no longer linear, which was also 
found to be the case by other workers who investigated this part of the 
range. 


This linear relation in the region of antigen excess between the ratio 
of antibody to antigen in the precipitate and the fraction of antibody 
used does not seem to have been commented on. The data of Heidel- 
berger and Kendall (3), plotted against the reciprocal of the amount 
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of antigen used, give also a straight line. Similar but somewhat more 
irregular results are obtained from the data of Heidelberger and Ken- 
dall on egg albumin (4), and the data of Marrack and Smith (8). 


table v 


Antibody N, Antigen N, and Total N in Precipitates Made with Anti-Viviporus 

Serum 9Z8\ 


Calculated to 1 ml. of serum 

! Calculated to 1 

mg. of antigen 

R 

Fraction of 
optimal 
antigen 
added 

Total 

N 

Antigen 

N 

Antibody 

N 

Fraction of 
optimal 
serum 
added 

Total 

N 

Antigen 

N 

Antibody 

N 

0.63 




1.60 

HI 

Etllll 


3.75 



0.161 

0.572 


EH 


0.640 

3.55 

0.71 

0.763 

0.189 

0.574 

1.40 

0.745 


0.560 

3.03 


0.772 

0.189 

0.583 


0.755 


0.570 

3.08 

1.00 

0.891 

0.238 

0. 653 

1.00 

0.623 

0.167 

0.456 

2.74 


0.893 

0.262 

0.631 


0.625 

0.184 

0.441 

2.41 

1 . 2 S 

0.947 

0.230 

0.717 

0.80 

0.532 

0.130 


3.11 


1.025 

0.353 

0.672 


0.575 1 

0.198 

IjljUjl 

1.91 

1.67 

1.066 

0.458 

0.608 

0.60 

0.447 

0.192 

0.255 

1.33 


1.090 

0.476 

0.614 


0.457 

0.200 

0.257 

1.29 

2.50 

1.150 

0.450 

0.700 

0.40 

0.322 

0.126 

0.196 

1.55 


1.196 

0.450 

0.746 


0.355 

0.126 

0.209 

1.66 

5.00 

1.192 

0.672 

0.520 

0.20 

0.167 

0.094 

0.073 

0.77 


1.220 

0.750 

0.473 


0.171 

0.105 

0.066 

0.63 

10.0 

0.835 

0.333 

0.502 

0.10 

0.058 

0.023 


1.51 


0.883 

0.383 

0.500 


0.062 

0.027 


l.oi 

20.0 

0.586 

0.322 

0.264 

0.05 

0.020 

0.011 

0.009 

0.81 
n 7? 


0.586 

0.332 

0.254 


0.020 

0.011 

0.009 

U. Ii 


Symbols as in Table I. Equivalence point = 1.23 optimal serum. 


These facts suggest that the mechanism of the reaction 
may not prove to be so complicated after all. 

The exact relation between R and the fraction of serum 


in this region 
used seems to 
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depend partly upon the individual serum. If we writel? = a{AB/AN) 
+ b, the constant b, the intercept on the y axis, will have the signifi- 
cance of the limiting ratio of antibody to antigen as antibody is 


TABLE VI 


Antiboiy N, Antigen N, and Total N in Precipitates Made with Anti-Viviparus 
Serum 928 2 
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weight and surface charge, but also presumably upon the character of 
the antibody, which is probably where the individuality of the animal 
enters. The value of a, the slope of the curve, depends somewhat 
upon the individual serum, though the difference, in the present case, 
is not so very great. 

Heidelberger and Kendall (3, 4) have found, in the region of anti- 
body excess, a linear relation between R and the amount of antigen 


table vn 


Antibody N, Antigen N, and Total N in Precipitates Made with Anti-Limulus 

Serum 779 


Calculated to 1 ml. of serum 

Calculated to 1 mg. of antigen 


Fraction of 
optimal 
antigen 
added 

Total 

N 

Antigen 

N 

Antibody 

N 

Fraction of 
optimal 
serum 
added 

Total 

N 

Antigen 

N 

Antibody 

N 

R 

0.67 


0.112 


1.50 


EH 


3.22 


0.473 

0.101 

i lp§l 


0.821 

EH 

0.646 

3.68 

1.00 

0.532 

0.157 


1.00 

0.617 

0.182 

0.435 

2.39 


0.506 

0.153 

cm 


0.588 

0.178 

0.410 

2.31 

1.43 

0.669 

0.169 

0.500 

0.70 

0.543 

0.137 

0.406 

2.96 


0.561 

0.169 

0.392 


0.455 

0.137 

0.318 

2.32 

2.00 

0.486 

0.251 

0. 235 

0. 50 

0. 283 

0.146 

0.137 

0.94 


0.486 

0.323 

0.163 


0.283 

0.188 

0.095 

0.51 

5.00 

0.300 

0.214 

0.086 

0.20 

0.070 

0.050 

0.020 

0.40 


0.301 

0.245 

0.056 


0.070 


0.013 

0.23 


Symbols as in Table I. Equivalence point = 1,63 optimal serum. 


N precipitated. This relation does not hold in the region of antigen 
excess. . 

Heidelberger and Kendall have developed an equation whi . 1 5 
the data obtained by them and by other workers well in the equiva^ 
lence zone and the region of antibody excess. It does not account 
for data for the region of antigen excess, as noted by these aut o 
themselves, and as substitution in it of the present data will s o 
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Fig. 1. Relation between ratio of antibody N to antigen N in precipitates ( R ), 
and the fraction of the optimal amount of antiserum added. 
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They give an equation for the region of excess antigen, which, in our 
symbols, is: 


An = 2Ab'/R' - 


Ab' ! 

R' 2 An a 


where An means the antigen nitrogen precipitated, Ah' the maximal 
antibody nitrogen precipitated, R' is the ratio of antibody to antigen 
at a reference point (where antigen first appears in excess), and An a 
is the antigen nitrogen added. This is equivalent, for any given 
system to 

An->-± 

An a 


where k and k' are constants. This equation does not fit our data 
well either, and in fact it can be seen from its form that it will not fit 
data in the zone of partial inhibition, as the antigen nitrogen precipi- 
tated ought to go on increasing, approaching a maximum equal to k, 
but in fact our own data and those of Heidelberger and Kendall show 
that the antigen N precipitated eventually begins to fall off sharply. 
Thus it seems, as indicated by these authors themselves, that the 
theory of Heidelberger and Kendall does not apply well to data ob- 


tained with large antigen excess. 

From Fig. 1 it will be noted that the equivalence point, as found by 
us for these sera, did not coincide with the optimum. The difference 
was not great with the earlier bleedings, but greatly increased with the 
later bleedings, a phenomenon probably related to the broadening of 


the equivalence zone observed by Heidelberger and Kendall. 

H our curves are extrapolated to zero, i.e., to the point where no 
antibody at all is added, we obtain values for the limiting ratio o 
antibody to antigen. These values vary a good deal, and there is one 
zxiW-Viviparus serum, not shown on the graph, which gives zero for t e 
y intercept, as does the anti -Limulus serum. The other sera S 1 ' ,c > 
926 lt about 0.60, 9262, about 1.40, 928i, about 0.80, 928 2 , about 1.20, 
927i, about 1.10. If we assume that the mean value of the limiting 
ratio is about 1.00, this would imply that the smallest amount of an i 
body which will combine to form a precipitate with one molecu e 
Viviparus hemocyanin is roughly an equal weight; assuming r a _ 
antibody to have a molecular weight of 138,000, and the hemocyanin a 
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molecular weight of 5,000,000, this would be about 36 molecules of 
antibody. Less antibody presumably forms a soluble compound with 
the antigen. It might be thought that the differences among our 
sera are partly due to antibody of better quality (more “avid”) being 
formed in some animals, or to the production of antibodies to more 
than one antigenic determinant on the molecule. 

It remains to be mentioned that the values of R presented here, at 
the optimum, and still less at the equivalence point, do not agree with 
the values predicted from the formula of Boyd and Hooker (1), if we 
assume Vivifarus hemocyanin, like that of other snails studied by 
Svedberg, has a molecular weight of 5,000,000. Not only are the 
values too high, but the different sera vary considerably. Evidently 
the individuality of the animal is more important than was originally 
thought, and the relation of Boyd and Hooker only holds in a general 
way. We feel that on the whole, however, the available evidence 
justifies us in continuing to think that the ratio is importantly in- 
fluenced by the molecular weight of the antigen. Heidelberger and 
Kendall (4) suggest that it also depends upon the relative numbers of 
reactive groupings in the antigen and antibody molecules. It seems 
to us that the quality (avidity) of antibody may be also an important 
factor. 

SUMMARY 

Data are given, for seven different antisera, for the composition of 
the specific precipitate as a function of the relative proportions of 
antiserum and antigen used. In the region of antigen excess, a linear 
relation is found between the ratio of antibody to antigen in the 
precipitate and the amount of antiserum used. The significance of 
these results, particularly in their bearing on theories of the precipitin 
reaction, is discussed. 
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During the past several years, we have been interested in the finding 
of acute pulmonary edema in a number of necropsies performed on 
patients who suffered from central nervous system disturbances with 
involvement of the brain stem. Since, in these instances, the usual 
explanations for the pathogenesis of pulmonary edema were inade- 
quate, an investigation of the conditions obtaining in these patients 
was made. Certain clinical and pathologic observations, which will 
be described at another time, pointed to involvement of the nuclei 
of the vagus nerves. An experimental approach to the problem was 
therefore directed along that line. This report is intended as an 
introduction to a study of pulmonary edema of this type. 

Materials and Methods 

Healthy rabbits varying in weight from 800 to 2500 gm. were selected. A 
variety of anesthetics was employed. The most satisfactory was local skin infil- 
tration with novocaine (1 per cent). Urethane and various barbiturates were 
also used, and were administered either intravenously or intraperitoneally . Moon 
(1) has pointed out in this connection that large doses of sodium phenobarbital 
caus t e shock and pulmonary edema, and has warned against its use in experiments 
dealing with the lungs. Control studies were carried out in our experiments with 
the various drugs employed. In no case, with the minimal necessary amounts 


* This study was supported in part by a grant from The William W. Wellington 
Memorial Research Fund of The Harvard Medical School. 

t Read in part at the Chicago meeting of the American Society of Pathologists 
and Bacteriologists, March 25 and 26, 1937. 
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used, was there observed any change in the lungs which could be confused with 
the pathologic alterations brought about by our experimental procedures. It 
may be mentioned that neither section of the depressor (aortic) nerves, which 
run as separate nerves in the rabbit, nor unilateral vagotomy (right or left) caused 
demonstrable changes in the lungs. 

The vagus nerves were severed as low in the neck as was possible. It is evident 
that when bilateral cervical vagotomy is effected, the function of the recurrent 
laryngeal nerves is lost, and all vagal control below that level is abolished. 

EXPERIMENTS 

Series 1 . — 

Survival Time . — Following bilateral cervical vagotomy rabbits of 800 to 2500 
gm. in weight died usually in from 8 to 24 hours. In exceptional cases, a survival 
time of from 36 to 62 hours was observed. It should be emphasized that death 
invariably occurred after bilateral vagotomy. In general, the older and heavier 
animals lived longer than the younger animals. It was impossible, even after a 
large experience, to predict the survival time of a rabbit with any greater accuracy 
than within 1 to 2 hours. 

Clinical Picture . — Soon after vagotomy, the respirations became slower and 
deeper. After 2 to 3 hours, the respiratory rate increased appreciably. Rest- 
lessness was noticeable. Soon the respiratory movements became rapid and 
labored, and distinct rales could be heard. A period of increasing excitement 
with marked dyspnea then ensued, followed within a few minutes by a crisis in 
the animal’s condition. Frothy serous fluid poured from the nose and mouth. 
In a number of instances, the fluid was frankly hemorrhagic in character. An 
immediate and striking change in the animal’s condition was now noted. The 
animal was once more quiet, and respiratory movements were slower and less 
labored. At intervals, smaller amounts of frothy fluid were expelled from the 
mouth and nose. It appeared likely that some of the fluid came from the mout i 
and not all from the upper respiratory tract. Episodes similar to the first cnsr 
occurred once or twice more before the animals died. Death finally occurre 
after a short period of great excitement and dyspnea, with bubbles of rot i) 
fluid in the mouth and nose. The animals appeared to be drowning in the ui 
in the respiratory tract. . , , 

Postmortem Findings . — Necropsies were conducted in each case, and wit o 
delay in the majority of the experiments. The most striking changes were r 
stricted to the upper respiratory tract and the lungs. No evidences of ascites 
pleural or pericardial effusion were found. . 

The larynx, trachea, and bronchi were filled with frothy serous or serosangu « 
ous fluid, which poured freely over the cutting board. Their mucosa 
were injected, but no purulent exudate in the gross was found. Occa_ion^» 
but not in all experiments, small amounts of thick mucus and vomitus werep 
in the upper respiratory tract. In no case, however, was obstruction to t e 
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respiratory tract demonstrable. The lungs were increased in size, and greatly 
increased in weight (Fig. 1). Rib markings were usually present on the posterior 
and lateral aspects of both lungs. The superficial lung tissue in both upper lobes 
was pink and overdistended. All remaining portions of both lungs were heavy, 
solid, and airless. The visceral pleura was stretched taut over these areas. On 
section, the lung surfaces in the involved portions were deep red to red-black in 
color, and completely consolidated. Frothy fluid could be expressed from the 
lung parenchyma. The vessels were engorged, and the tissues, in general, mark- 
edly congested. All branches of the upper respiratory tract and the bronchial 
system appeared to be dilated, although a precise standard of comparison is not 
at hand. Moderate dilatation of the right auricle and right ventricle was present. 
Fluid blood was usually found in the heart chambers. If the autopsy was delayed 
for a short time after death, postmortem clots were generally found in the heart. 
Changes in the other organs have no bearing on this report, and will not be de- 
scribed at this time. 

On microscopic examination, no significant changes were noted in the heart. 
The mucosal surfaces of the larynx and trachea showed occasional acute inflam- 
matory changes. The submucosal veins and capillaries were enormously distended 
with blood. In the lungs, variable amounts of pneumonic exudate, consisting 
chiefly of neutrophiles and eosinophiles, were scattered throughout the involved 
areas, particularly in the lungs of those rabbits which survived longer than 18 
hours. Occasional evidences of aspiration of food and vomitus were also present. 
Desquamated cells from the pharynx, mouth, and upper respiratory tract could be 
recognized in scattered areas. By far the most important change in the lungs, 
however, was the massive pulmonary edema, which involved not only the air 
spaces and bronchioles, but the interstitial tissues as well (Fig. 2). The air spaces 
were filled with precipitated pale eosinophilic albuminoid material, in which air 
bubbles were frequently entrapped. In some areas numerous hyaline membranes 1 
composed of deeply staining concentrated albuminoid material lined the walls of 
alveoli and alveolar ducts (Fig. 3). In some instances, large areas of lung par- 
enchyma were filled with red blood cells and serum. 

The interstitial tissues were more prominent than usual, and their components 
were separated as by edema fluid. This was particularly true of the walk of the 
veins and arterioles. The perivascular lymphatics were greatly distended and 
filled with serum (Fig. 4). All veins and capillaries exhibited extreme degrees of 


1 Wolbach (2) called attention to the presence of hyaline membranes in the 
lungs of patients who died during the last influenza epidemic and explained the 
pathogenesis of the membranes. Similar membranes may be found in a variety 
of conditions. Their presence is indicative of partial obstruction to respiration 
caused by fluid, plasma, exudate, or foreign materiak of any kind in the lungs (Far- 
ber and Wilson, 3). In the experiments described above, the hyaline membranes 
are composed of albuminoid materiak derived from the blood plasma. 
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distention (Fig. 5). The alveolar wall capillaries projected into alveolar spaces. 
The arterioles were also dilated, but were not as markedly involved as the veins. 

The emphysematous areas, observed on gross examination, extended but a short 
distance beneath the pleura. Thinning of the walls and increase in size of the 
alveoli were the only noteworthy features in these areas. 2 


The chief gross and microscopic findings in rabbits which die after 
bilateral cervical vagotomy are therefore : (a) severe acute pulmonary 
edema and congestion; ( b ) variable amounts of acute bronchopneu- 
monia; ( c ) evidences of aspiration of food and secretions; (d) terminal 
dilatation of the right side of the heart. 

The postmortem findings in the lungs of rabbits which die after 
bilateral cervical vagotomy, are similar to those in certain diseases 
of the central nervous system, with involvement of the brain stem, 
such as the bulbar form of poliomyeloencephalitis. Certain clinical 
features, common to both the experimental animals and the human 
patients, strongly suggest a common pathogenesis. 

There is a voluminous literature on the subject of bilateral cervical vagotomy. 
No review will be attempted here for adequate accounts are obtainable in the 
collected papers of Schiff, 1894 (4), the monograph of Frey, 1877 (5), and the more 
recent writings of Schafer (6). It is of interest that experiments concerned with 
the effects of double cervical vagotomy were mentioned by Galen, and Lcgallois 
(7), 1812, gives the history of such experiments from the time of Rufus of Ephesus, 
a Greek physician who lived in the reign of Trajan. 

There is no agreement in the literature concerning the pathologic findings, 
the pathogenesis of the pulmonary changes, or the cause of death following > 
lateral cervical vagotomy. A vast amount of work based on ingenious expen 
ments was carried out, particularly during the last century, and many observations 
which hold true today were made on the function of the vagus and its bran es. 
The most impressive papers are those of Schiff. There are certain obvious ci 
planations for the divergent conclusions defended by the most active " or ^ 
observations often were not extended long enough, secondary infections p aye 


2 The best results in the histologic demonstration of pulmonary edema were ^ 
tained when the lungs were fixed in toio in adequate amounts of 10 per cen 0 ^ 
lin solution, or when thick sections of lung were so preserved. Thin se '^ l ° n5 - n 
selected after several days. Placing of the bottles containing the fres ISS _ . 
the incubator at a temperature of 52°C. for several hours, to aid in the 
tion of the edema fluid, is also of value, but is not a necessary procedure. ^ ° ut - on 
suits were obtained when thin fresh sections of lung were fixed in Zen "e s 
or in 10 per cent formalin solution. 
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important a rile, and the age ot the animal is of importance, since the less rigid 
laryngeal cartilages in very young animals permits laryngeal obstructions to occur 
more easily than in older animals. Furthermore, it is possible that not all types 
of animals behave in the same way; conditions in the cat and the dog may differ 
from those in the rabbit and guinea pig in important respects. No discussion of 
these differences will be attempted at this time. This paper is confined to the 
results of experiments on the rabbit. 

The conclusions as given in the literature on this subject may be 
summarized. Death occurs after bilateral cervical vagotomy because 
of; (a) Aspiration pneumonia (vagus pneumonia); as a consequence 
of laryngeal paralysis, mouth secretions and food are aspirated causing 
an acute lobular pneumonia (Traube, 8, Frey, and others).' (6) Slow 
asphyxia, secondary to laryngeal paralysis. With inspiration there 
is falling together of the thyro-arytenoid ligaments and the arytenoid 
cartilages (Legallois, Schafer), (c) Neuroparalytic pulmonary con- 
gestion, as a consequence of a loss of the tonic vasoconstrictor action 
of the vagosympathetic nerves (Schiff). 

Our clinical and pathologic studies on the rabbit have disclosed the 
existence of a fourth factor to account for the pulmonary changes and 
death following bilateral cervical vagotomy. Asphyxia caused by 
the gradually increasing pulmonary edema serves to increase the se- 
verity of the pulmonary edema. The intense dyspnea, the frothy 
fluid in the upper air passages, and the hyaline membranes, entrapped 
air bubbles, and large amounts of fluid in the lungs on microscopic 
examination, are evidences of this. It is known that asphyxia causes 
dilatation of capillaries (Krogh, 9) and increases the permeability of 
capillaries (Landis, 10), factors which lead to pulmonary edema. 

Since the pulmonary edema and congestion were of such marked 
degree, it appeared worthwhile to study the mechanism of their pro- 
duction with the factors mentioned above in mind. The first two 
conditions making for the fatal outcome result from the laryngeal 
paralysis that occurs when both vagus nerves are severed in the neck. 
In an extensive experience in the experimental study of slow asphyxia 
in animals, pulmonary edema of such severity as was observed in the 
present experiments was never encountered, an observation not in 
harmony with the theory of Schafer. The laryngeal factor can be 
excluded by the use of a tracheotomy tube. This method was used 
in a second series of experiments on rabbits. 
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Series 2 . — 

Rabbits were prepared as before, except that a cannula of suitable size was 
inserted into the trachea before a bilateral cervical vagotomy was performed. 
The trachea above the cannula was ligated, and in a number of experiments, the 
esophagus at the level of the tube was also ligated. Suitable control experiments 
were performed on rabbits equipped with tracheal cannulae. The vagus nerves 
were not sectioned. Such control animals were kept alive for a period of 24 hours 
longer than the usual survival time observed after bilateral cervical vagotomy. 
No pulmonary edema was found in postmortem examination performed when 
these animals were sacrificed. 3 It is of greatest importance to keep the tracheal 
cannula clean and free from obstruction. The patency of the cannula was always 
tested at necropsy. 

In a series of rabbits prepared with tracheal cannulae, both vagus nerves were 
severed in the neck, as in series 1. All animals died. When litter mates were 
used, one with a cannula, and one without, the animal with a cannula survived 
approximately 20 per cent longer than the one without. Comparison of the 
survival time of the entire group in series 2 (with tracheal cannulae) with that of 
series 1, shows that if the factor of laryngeal paralysis is excluded, the survival 
time, which varied from 10 to 26 hours, is increased. The clinical picture was, 
in general, the same as in series 1, except for a somewhat later onset of dyspnea. 
It was of interest that even though the esophagus and the trachea above the 
cannula were tied, small amounts of fluid dropped from the nose and mouth during 
the last hour or two before death. An accumulation of secretions in the mouth 
is also a part of the picture produced by bilateral cervical vagotomy. The chief 
pathologic findings were acute pulmonary edema and congestion of about the same 
order of severity as in series 1. The gross and microscopic pictures were simi ar 
to those in the animals without cannulae. The chief differences were that no 
evidences of aspiration of food or mouth secretions, or of bronchopneumonia, were 
present. 

DISCUSSION 

We can conclude that the laryngeal paralysis, incidental to section 
of both vagus nerves in the neck, is not essential to the production 
the severe pulmonary edema which follows bilateral cervical vagotomj 
in the rabbit. The observation that rabbits die after bilateral cervica 
vagotomy even when equipped with tracheal cannulae is in agreemen 
with the reports of Schiff and others. The conclusions of a number o 
workers (Traube, Frey) to the contrary are not understandable in 
light of our own experiments. 

3 The best method for causing immediate death was the injection into 
teraa magna of the rabbit of a few cubic centimeters of 1 per cent 
Death occurs instantaneously. Confusing pulmonary changes are thus <-’■ 
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In considering the results of the experiments performed in series 2, 
emphasis may be placed upon the production of severe pulmonary 
edema and congestion under conditions which permit the exclusion of 
infection, aspiration of foreign materials, and slow asphyxia. To 
denote the pathogenesis of this type of pulmonary edema, the term 
neuropathic pulmonary edema will be employed. Further studies 
concerning the pathogenesis of this type of pulmonary edema will 
be reported. 

CONCLUSIONS 

1. Bilateral cervical vagotomy in rabbits soon leads to death, 
usually within 8 to 24 hours. 

2. Gradually increasing dyspnea, crises with expulsion of frothy, 
serous or sanguineous fluid from the mouth and nose, and terminal 
asphyxia are the important clinical features. 

3. Postmortem examination reveals severe acute pulmonary edema 
and congestion, variable amounts of bronchopneumonia, and evidences 
of aspiration of food and secretions. This picture is similar to that 
found in the lungs in the bulbar form of poliomyelitis. 

4. These changes are brought about by a combination of factors 
secondary to bilateral vagotomy: laryngeal paralysis (aspiration of 
food, slow asphyxia) ; loss of the vagal innervation of the lungs. 

5. Laryngeal paralysis is not an essential factor in the production of 
severe pulmonary edema and death following bilateral cervical 
vagotomy. 

6. To denote the pathogenesis of this type of edema, the term 
neuropathic pulmonary edema is employed. 

bibliography 

1. Moon, V. H., and Morgan, D. R., Arch. Path., 1936, 21, 56S. 

2. Wolbach, S. B., Bull. Johns Hopkins Hasp., 1919, 30, 104. 

3. Farber, S,, and Wilson, J. L., Arch. Path., 1932, 14, 437. 

4. SchifI, M., Gesammelte Beitraege zur Physiologic, Lausanne, B. Benda 

1394, 1. 

5. Frey, O., Die pathologischen Lungenveraenderungen nach Laehmung der 

Nervi Vagi, Leipsic, Wilhelm Engelmann, 1877. 

6. Schafer, E. S., Quart. J. Exp. Physiol., 1919, 12, 231. 

’ I ' M- ’ Experiments on the principle of life, Philadelphia, M. Thomas, 



404 


PULMONARY EDEMA. I 


8. Traube, L., Gesammelte Beitraege zur Pathologie und Physiologie, Berlin, 

August Hirschwald, 1871. 

9. Krogb, A., Anatomy and physiology of capillaries, New Haven, Yale Uni- 

versity Press, 2nd edition, 1929. 

10. Landis, E. M., Physiol. Rev., 1934, 14, 404. 

EXPLANATION OF PLATES 
Plate 11 

Fig. 1. Photograph of lungs and opened trachea of rabbit which died 25 hours 
after bilateral vagotomy. The dark portions are consolidated because of intense 
congestion and edema. Superficial emphysema is present in the pale areas. The 
trachea is filled with fluid containing air bubbles. 

We are grateful to Dr. Orville T. Bailey for the photomicrographs. 




Plate 12 

Fig. 2. Photomicrograph of lung of rabbit which died as a result of bilateral 
cervical vagotomy. The bronchiole and alveolar spaces are filled with edema 
fluid in which numerous small air bubbles are entrapped. Note great dilatation 
of alveolar wall capillary near center of picture. Hematoxylin and eosin. Re- 
duced from a magnification of 300 diameters. 

Fig. 3. Photomicrograph of lung of rabbit which died as a result of bilateral 
cervical vagotomy. Note the hyaline membranes composed of materials derived 
from the blood plasma lining the walls of alveoli and alveolar ducts. The capil- 
laries are greatly distended. Hematoxylin and eosin. Reduced from a mag- 
nification of 300 diameters. 







Plate 13 


Fig. 4. Photomicrograph of lung of rabbit which died as a result of bilateral 
cervical vagotomy. Note edema of periarterial tissues and dilatation, of lym- 
phatics which were filled with serum. The air spaces are filled with fluid and en- 
trapped air. Hematoxylin and eosin. Reduced from a magnification of 250 
diameters. 

Fig. 5. Photomicrograph of lung of rabbit which died as a result of bilateral 
cervical vagotomy. Note great dilatation of a small vein. The surrounding air 
spaces are filled with edema fluid. Hematoxylin and eosin. Reduced from a 
magnification of 250 diameters. 
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Studies reported in an accompanying paper have shown that severe 
pulmonary edema, and death, are brought about in the rabbit by bi- 
lateral cervical vagotomy. Of the several factors which are of impor- 
tance in producing the pulmonary changes under the experimental 
conditions employed, laryngeal paralysis was excluded as'an essential 
part of the mechanism involved. There remains for consideration, 
the part played by other organs deprived of vagal innervation as a 
result of bilateral cervical vagotomy. The heart, as will be shown, 
can be excluded as a primary factor. The organs supplied by the 
subdiaphragmatic branches of the vagus nerves can be dismissed also. 
Recently Beazell and Ivy (1) destroyed all branches of the vagus below 
the diaphragm in the rabbit in a study concerning gastric ulcer. Their 
animals lived from 52 to 117 days after operation, a fact which, in view 
of our experimental findings, immediately excludes any important 
effect of the subdiaphragmatic branches on the lungs. We are led, 
then, to an investigation of the vagal innervation of the lungs in the 
pathogenesis of neuropathic pulmonary edema. 

Material and Methods 

Guinea pigs were used in these experiments. These animals varied in weight 
from 250 to 700 gm. The guinea pig was selected for this portion of the study 
because the survival time after bilateral cervical vagotomy is short (2J to 4 hours 
for guinea pigs of 250 to 700 gm. in weight (2)). Furthermore, the time of death 
can be predicted with great accuracy after some experience. The clinical picture 
and the pathologic findings are almost exactly the same as in the rabbit, so that 
comparisons are permissible. The operative procedures were identical with those 
used in the experiments performed on rabbits. With the aid of urethane anes- 
405 
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thesia the vagus nerves, unless otherwise stated, were severed low in the neck. 
One change in experimental procedure was employed in these experiments. After 
insertion of a tracheal cannula of suitable size, the cannula was connected to an 
apparatus for artificial respiration. Suitable control observations were made on a 
small series of guinea pigs with vagus nerves intact until the optimum conditions 
of continuous artificial respiration for the guinea pig were found. Such control 
experiments were continued for a period of 1 hour longer than the greatest survival 
time noted in a guinea pig after bilateral cervical vagotomy. Postmortem ex- 
amination of these animals revealed no pulmonary edema. The lungs showed 
slight congestion, and a moderate deepening of the normal pink color. No changes 
in the lungs were observed which could be confused with the pathologic picture 
produced by section of the vagus nerves. 

EXPERIMENTS 

Series 1 . — Under conditions of continuous artificial respiration and urethane 
anesthesia (injected intraperitoneally in amounts of 1.5 mg. per kilo of body 
weight) guinea pigs were subjected to bilateral cervical vagotomy. At intervals 
the frothy serous fluid which appeared at the mouth of the tracheal cannula was 
withdrawn by means of a 2 cc. syringe. The smallest possible amount of pressure 
was used in removing the fluid, no attempt being made to withdraw fluid lower 
down in the trachea and bronchial tree. Death occurred usually within 3j to 4 
hours after vagotomy. Postmortem examination revealed the usual picture of 
massive consolidation caused by severe pulmonary edema and congestion. 

The experiments in series 1 give further proof to supplement that 
obtained in the rabbit, that the factor of laryngeal paralysis is not 
essential to the production of acute pulmonary edema following bi- 
lateral cervical vagotomy. 

Scries 2 . — The same experimental procedures were employed as in series 1, 
with one addition. Before the vagus nerves were cut in the neck, the sternum 
was raised to permit direct inspection of the heart and lungs. Care was taken to 
prevent loss of blood and shock. The animals were kept warm with the aid of a 
heating pad, and the contents of the thoracic cavity were kept warm and moist 
by the application of pieces of cotton saturated with hot normal saline solution. 
Suitable control experiments were first carried out under these conditions on 
guinea pigs with intact vagus nerves. Artificial respiration was continued for 
5 hours, at which time the animals were still alive. The heart was beating regu- 
larly, and the lungs showed only slight congestion. No pulmonary edema was 
present. 

Another group of guinea pigs was subjected to bilateral cervical vagotomy after 
the sternum had been elevated. About 30 minutes after vagotomy red petechiae 
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appeared in scattered areas over the lung surfaces. These peteebiae gradually 
enlarged and finally coalesced to form confluent areas of red discoloration, and 
what later proved to be consolidation. The heart continued to beat regularly 
and vigorously until the last few minutes, when dilatation of the right side became 
apparent. The heart stopped beating, usually 3J to 4} hours after the vagus 
nerves had been severed. Postmortem examination and histologic study re- 
vealed the usual picture of severe pulmonary edema and congestion. 

The results of experiments in series 2 permit exclusion of possible 
alterations in the heart of any importance in the causation of acute 
pulmonary edema following bilateral vagotomy. These experiments 
also afforded an opportunity to study' the gradual onset of the pul- 
monary edema produced under these experimental conditions. 

Series 3 . — The experimcntslrTthis' series were designed to permit a direct ap- 
proach to the r6le played by the innervation of the lungs in the production of 
neuropathic pulmonary edema. Exactly the same procedures were used as in 
series 2, with one exception. The vagus nerves were not severed. Instead, the 
innervation of the lungs was temporarily abolished by the application of small 
pieces of cotton saturated with 1 per cent novocaine solution both anteriorly and 
posteriorly to the roots of both lungs. Care was taken to prevent the spread of 
the solution to neighboring structures. The applications of novocaine were regu- 
larly renewed at intervals of H to 1 hour. Weak solutions of phenol were first 
tried, hut were found unsatisfactory because of their injurious effect upon the 
tissues. 

Under direct observation, lesions in the lungs developed as in series 2. The 
heart continued to beat regularly until a rather abrupt change occurred, usually 
about 4 to 4 j hours after the first application of novocaine had been made. Mod- 
erate dilatation of the right auricle and right ventricle was then observed. After 
a few minutes, the heart stopped, and artificial respiration was discontinued. In 
all important respects, both in the gross and microscopically, the lungs were dupli- 
cates of those of intact guinea pigs which died after bilateral cervical vagotomy. 
Severe pulmonary edema and congestion were the main features. 

We may conclude from the experiments in series 3, that the loss of 
the innervation of the lungs is the essential factor brought about by 
bilateral cervical vagotomy in regard to the production of neuropathic 
pulmonary edema in the guinea pig. It is obvious that both the 
sympathetic and the vagal fibers are temporarily abolished by the 
experimental procedure employed in series 3. No attempt is made at 
this time to separate the action of the two types of pulmonary nerves. 
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DISCUSSION 

The results of these experiments depend for explanation upon the 
innervation of the lungs. The branches to the bronchi may be dis- 
missed from consideration, since no evidence of bronchoconstriction 
was found. The effects of vagotomy on the trachea and bronchi lie 
rather in the opposite direction, dilatation. The histologic picture 
emphasizes the dilatation and engorgement of the pulmonary vessels, 
particularly the veins and capillaries. Attention is therefore directed 
to the vasomotor control of the pulmonary vessels. It is now gen- 
erally agreed that such a vasomotor control does exist. 

Adequate anatomic proof of the existence of nerve endings in the pulmonary 
vessels has been given by Karsner (3) and by Larsell (4). Important contribu- 
tions and critical summaries of the literature concerning the vasomotor control 
of the pulmonary' vessels may be found in the writings of Luckhardt and Carlson 
(5), Wiggers (6), and Daly (7). Luckhardt and Carlson not only demonstrated 
vagal vasoconstrictor fibers to the pulmonary arteries in the frog and the turtle, 
but observed that section of the vagosympathetic nerves leads to dilatation of the 
lung arteries on the same side. These authors pointed out also that the injudi- 
cious use of atropine in the preparation of experimental animals was responsible for 
inconclusive or negative results of many previous workers. We are indebted to 
Daly and his colleagues for most of the recent information concerning the vaso- 
motor control of the pulmonary vessels. Their experimental technique has been 
so perfected that many objections to the use of artificial preparations (perfused 
organ experiments) have been overcome (8-10). 

Of direct bearing on the problem presented in this paper, is the status of the 
vasomotor control of the pulmonary' vessels in the rabbit. No references to the 
condition in the guinea pig are at hand. Cavazzani, 1891 (11), noted a rise in 
pulmonary arterial pressure on stimulation of the cervical vagus nerves. This 
was confirmed by von Euler, 1932 (12), w'ho demonstrated, in addition, that such 
constriction was enhanced by eserine and suppressed by atropine, von Euler 
found also that adrenalin (0.01 to 0.2 mg.) causes vasoconstriction in the rabbit 
lung. This effect is opposed by ergotamine. 

Ettinger and Hall (13) found that acetylcholine caused vasoconstriction in the 
rabbit lung. This effect was prevented by atropine and increased by eserine. 
They also noted that a greater constrictor action could be effected by acetylcho- 
line if the vessels were previously' potentiated by adrenalin, barium chloride, or 
histamine. Since there is only a feeble reaction of the pulmonary artery of the 
rabbit to adrenalin and to sympathetic stimulants, Ettinger and Hall suggest that 
the vagus or other parasympathetic fibers are mainly responsible for vasoconstric- 
tion. They' propose the hypothesis that parasympathetic fibers, probably vagal, 
are chiefly responsible for the degree of constriction of the pulmonary' artery repre- 
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seating the ordinary activity of the rabbit, but that the parasympathetic acts 
synergically with the sympathetic, in that the latter must produce a certain grade 
of tonus before the former can act. 

Sufficient evidence points to the existence of strong parasym- 
pathetic vasoconstrictor fibers and weak sympathetic vasoconstrictor 
fibers in the lung of the rabbit. The application of this conclusion to 
our problem is evident: Loss of the power of pulmonary vasoconstric- 
tion by section of the cervical vagus nerves deprives the pulmonary 
vessels of a mechanism necessary in the adjustment of pulmonary 
vascular dynamics. Assuming that some sympathetic vasoconstrictor 
control is left intact under these experimental conditions, only a weak 
degree of tone can be present, and apparently in an amount insufficient 
to meet the needs of altered, or even normal, pulmonary vascular 
dynamics. 

It is interesting to recall here that the vascular changes secondary 
to loss of vagal vasomotor control of the pulmonary vessels (bilateral 
vagotomy) were termed neuroparalytic hyperemia of the lungs by 
Schiff (14) in 1847, a few years before the first demonstration of vaso- 
constrictor nerves in the cervical sympathetic. Schiff was anticipated 
in some ways by Legallois, 1812 (15), who stated that “there occurs 
without doubt a loss of tone within the lungs, a sort of paralysis since 
the various tissues supplied by the vagus are engorged with blood.” 

It is impossible to conclude from the literature on the vasomotor 
control of the pulmonary vessels what the status is in man. Nor is it 
possible to conclude with certainty, the exact status in the intact 
rabbit or guinea pig, since the best information has come from perfused 
organ or isolated vessel preparations. It does appear, however, from 
available evidence, that both the sympathetic and the vagal systems 
exert a control over the pulmonary and bronchial vessels. Section 
of the vagus nerves (which contain some sympathetic fibers) in the 
rabbit and guinea pig, or destruction of the vagal and sympathetic 
fibers supplying the lungs in the guinea pig does disturb that control 
to a serious extent, as is demonstrated in our experiments by the 
production of severe pulmonary edema which leads to death, when 
those experimental procedures are carried out. No attempt will be 
made at this time to define that disturbance of control more closely 
in terms of the exact inbalance of the pulmonary nerves effected by 
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our experimental methods. Further investigation of these problems 
is indicated, and is being carried out. 

Sufficient evidence from the experiments reported here, and from 
the literature in the related problem of the vasomotor control of the 
pulmonary vessels, is at hand to indicate that disturbances to the 
vasomotor control of the pulmonary vessels cause serious alterations 
in the dynamics of the pulmonary circulation, and in the integrity of 
the walls of the pulmonary vessels. These alterations lead to the 
production of severe pulmonary edema and congestion, which are the 
immediate causes of death. Preliminary studies in man indicate that 
in a number of conditions, the vasomotor control of the pulmonary 
vessels may be disturbed, either by central or peripheral disease, and 
that acute pulmonary edema is dependent upon such a disturbance. 
These studies suggest the pathogenesis of one type of acute pulmonary 
edema in man which we have termed neuropathic pulmonary edema. 

CONCLUSIONS 

1. Guinea pigs die shortly after bilateral cervical vagotomy, even 
when continuous artificial respiration effected through a tracheal can- 
nula is carried out. Death is caused by severe pulmonary edema and 
congestion. 

2. Direct observation of the lungs after bilateral vagotomy demon- 
strates that pulmonary edema develops gradually and increases slowly 
in amount and severity. Congestion precedes and accompanies the 
development of the edema. 

3. Neuropathic pulmonary edema in the guinea pig is caused by 
disturbance to or abolition of the pulmonary vasomotor nerves. 

4. The evidence obtained by experiments on animals suggests that 
neuropathic pulmonary edema in man is caused by disturbances, 
either central or peripheral, to the vasomotor control of the pulmonary 
vessels. 

We wish to express our gratitude to Professor C. Heymans for his 
kindness and stimulating criticism. 
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(Received for publication, June 23, 1937) 

Other factors being equal it might be expected that any specific 
immunological value of a given immune serum should be proportional 
to the amount of the specific antibody. For example it might be held 
that the effectiveness of a given antipneumococcus serum in pro- 
tecting animals against pneumococcus infection could be judged by 
estimating the amount of protein specifically precipitable with the 
homologous capsular polysaccharide, that is, the amount of antibody 
protein (precipitin). This thesis is presumably tenable only if the 
injection of various animals with a single antigen gives rise to a single 
antibody, or to a mixture in fixed proportions of antibodies dominantly 
specific but differing in one or more chemical or immunological prop- 
erties. Present evidence indicates that agglutination, precipitation, 
and complement fixation are due to the same substances in the serum. 
It has not as yet been demonstrated, however, that in a single serum 
there exists only one antibody substance specific for a given antigen. 

This question is important from the practical as well as from the theoretical 
point of view. The clinician has generally held to the significance of tests for 
potency in which animals are used. This view has developed as a result of the 
fact that antipneumococcus sera of certain types afford excellent protection to 
the experimental animal and at the same time are effective therapeutic agents 
in lobar pneumonia. With other types of pneumococci, notably Type III, the 
immune sera may possess considerable antibody potency' as judged by agglutina- 
tion titer and yet be lacking in ability to protect animals against large numbers 
of pneumococci. Sera of these types have also proven less successful in the 
clinic. 

On the other hand, it has long been recognized that evaluation by animal 
413 
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2. At least three different dilutions of each serum are used in each test. The 
sera are progressively diluted X 2, the precise dilutions being determined by 
exploratory tests. 

3. For the actual test at least 5 mice are injected with each combination of 
serum and culture. Each mouse receives 0.5 cc. culture dilution and 0.5 cc. of the 
appropriate serum dilution, these being mixed in the syringe and injected into the 
peritoneal cavity. 

4. Mice surviving for 96 hours are considered as protected by the corresponding 
amount of serum. 


Estimation of Protective Potencies 

The most difficult feature of any method involving biological variables is the 
accurate evaluation of the results obtained. Various workers have adopted 
various end-points. Thus the minimum amount of serum which will protect 
60 per cent of mice can be taken as the end-point. There are three objections 
to this and similar criteria. First, this method gives end-points which are as 
widely spaced as are the dilutions of serum, that is, only rough approximations of 
possible numerical values can be obtained. Secondly, the result is actually 
dependent on very few mice, those in the group receiving the particular pro- 
tecting dilution and those of the group receiving the next lower amount of serum. 
Thirdly, results are not always sufficiently regular to permit an adequate deter- 
mination of the end-point. Thus, with 5 or even 10 mice per dilution, two 
amounts of serum, one being twice the other, may result in the same percentage 
survival. Several attempts have been made to overcome this end-point diffi- 
culty. It seemed very desirable to obtain a sensitive numerical end-point based 
not on the small group of mice at any particular dilution level but rather one 
which would take into account the fate of all mice irrespective of the amount 
of serum. 

Since the usual data, if plotted, give curves with much sharper slopes in the 
region of 50 per cent survival, it must be generally agreed that in this type of 
biological work this is the only logical end-point. After several different methods 
had been tried the so called Muench 50 per cent end-point accumulation method 
was adopted. 

This method was devised by Dr. Hugo Muench of The Rockefeller Foundation 
and is extremely simple in application. It has been used in the analysis of the 
results of protection tests in yellow fever work by Lloyd, Theiler, and Ricci (13) 
and in studies on the titration of vaccine virus by Parker and Rivers (15). The 
latter authors discuss the validity of the method and the system used for obtain- 
ing the n um erical end-point. In brief, the method is as follows: The survivals 
and deaths for each serum dilution are separated. The figures in each column 
are then accumulated, each column being added beginning at the smaller end. 
If the resulting figures are then plotted against serum dilutions the lines will cross 
at a point which represents the dilution of serum which should be used to bring 
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about a survival rate of 50 per cent. Actually it is unnecessary to plot these data 
since a simple calculation will provide the figure. 

An illustration of the actual application of this method is provided in Table I. 
It will be noted that in this titration 10 mice have been used for each dilution of 
serum. The results in terms of percentage survival for each dilution are shown 
in column 4. When these figures are directly plotted a line connecting them forms 
a smooth curve and the 50 per cent end-point is easily determined. Results of 
this order are, however, very exceptional. In the fifth and sixth columns the 
survivals and deaths have been accumulated as described above. The percentage 
survival of each serum level has been calculated and is shown in column 7. On 
inspection it is obvious that the desired 50 per cent end-point lies between the 
serum dilutions 1-40 and 1-S0. The exact point is obviously 23/46 or 0.50 of the 
distance between 1-40 and 1-50. Since the progression in serum dilutions is 
geometric it is necessary either to convert the basic dilution number (40 in this 


TABLE I 

Specimen Mouse Protection Test with Determination of 50 Per Cent End-Point 
by the Muench Accumulation Method 




Result 


Accumulation 


Calculated 



Died 

Survival 

Survivals 

Deaths 

Survivals 

end-point 

1-10 

10 

0 

Per cent 

100 

30 

0 



1-20 

9 

1 

90 


1 

95 


1-40 

i 

3 

70 

n 

4 

73 


1-80 

3 

7 

30 

4 

11 

27 

1-56 

1-160 

1 

9 

10 

1 


5 



instance) into a log factor for multiplication, or much simpler in operation, to 
convert the factor 0.50 into a proportional factor by reference to a progression 
chart. The calculated end-point in this example is 1-56. 

For the actual estimation of the potency of a given serum it is 
necessary to carry out protection titrations of the unknown serum 
and of the standard serum at the same time. This requirement tends 
to overcome the disadvantages of slight variations in the number of 
microorganisms in a culture from day to day. The end-point for 
each serum is then determined and by proportional calculation the 
potency of the unknown serum can be estimated. An example of 
actual titrations on the same serum at different times is given in 
Table II. Five independent titrations of an unknown serum have 













TABLE II 

Comparative Titrations Jor the Estimation of the Mouse Protective Potency of Lot AA Type I Anlipnenmococcus Horse Scrum 
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been carried out simultaneously with titrations of the known or 
standard serum. 

The data presented in Table II are fairly representative of the order of results 
generally obtained. Some of these titrations would present an impossible problem 
■were it necessary to judge the end-points on a simple survival basis. Furthermore 
the results show the great advantages of simultaneous titrations of unknown and 
standard for although the actual end-points for each serum vary widely the varia- 
tions are generally in the same direction for both sera at the same time. Thus 
when the actual unitage value is calculated one finds a rather close agreement 
considering the number of mice used in each titration. It is believed that the 


TABLE III 


Mouse Protective Potencies and Specifically Precipitable Antibody of Nine Type I 
Antipneumococcus Horse Sera 


Group 

Strum 

lot 

Character 

Protective 
units per cc. 

Maximum 

specifically 

precipitable 

nitrogen 

Protective 
units per mg. 
of specifically 
precipitable 
nitrogen 

Mean 

protective ratio 
for each 
group 





mt. Per cc. 



A 

58 

Raw, single 

440 


575 



57 

Raw, single 

550 


540 

540 


50 

Raw, pooled 

760 


505 


14 

Concentrated 

3145 

S.798 

545 

I 

B 

49 

Raw, pooled 

500 


775 



59 

Raw, single 

870 

1.081 




60 

Raw, single 

1000 

1 229 

815 

800 


AA 

Raw, pooled 

1405 

1.844 




13 

Concentrated 

6100 

7.125 

855 



mean value, 1405 protective units per cc., is as representative of the actual pro- 
tective potency of the serum as any figure obtainable by any biological method. 
The probable error involved in titrations such as that illustrated with five separate 
determinations is about 10 per cent although no accurate estimate of this factor 
can be made without much longer series of titrations. 

Antibody Content of Type I Antipneumococcus Horse Sera 
With a measure of validity having been shown for the method of 
estimation of protective potencies and for the analysis of the results 
it is now possible to proceed to a comparison of the protective potency 
and the amount of specific antibody (precipitin) demonstrable in vitro. 
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These two forms of experimental analysis have been carried out on 
nine Type I antipneumococcus horse sera and the results are shown 
in Table IIL 

For the estimation of mouse protective potencies several titrations were carried 
out with each serum, the average number in this series being slightly over 4. 
The average number of mice per serum, exclusive of those involved in the simul- 
taneous titration of the standard serum, was 73. These repeated titrations were 
necessary in order to secure numerical end-points with some degree of precision. 
Similarly the estimations of maximum specifically precipitable nitrogen represent 
data secured from complete precipitin curves, each point on which represents an 
average of determinations on two duplicate precipitates. 

The nine antipneumococcus horse sera included in Table III fall 
into two groups dependent upon the number of mouse protective 
units per mg. of specifically precipitable nitrogen (hereinafter termed 
the protective ratio). Thus group A includes four sera, both raw and 
concentrated, with potencies ranging from 440 to 3145 units per cc. 
of serum. In the number of units per mg. of specifically precipitable 
nitrogen (protective ratios) however, these sera differ but slightly, the 
range being from 505 to 575 with a mean of 540 units per mg. 

In contrast are the results with the sera of group B. Although 
the mouse protective potencies of these sera range from 500 to 6100 
units per cc., the protective ratios are rather uniform ranging from 
760 to 855 units per mg. with a mean value of 800. 

It is perhaps merely fortuitous that the mean protective ratios of 
these two groups of Type I antipneumococcus horse sera stand in the 
approximate relation of 2:3. It does not seem likely however that 
the actual protective ratios of the various sera are matters of chance. 
The difference between the results of the two groups is considerably 
greater than the outside probability of error in either protection or 
nitrogen estimations. 

Several possible sources of error do, however, exist. The validity of the mouse 
protection titrations has already been discussed, and while some allowance must 
be made for the probability of error in each instance, this possible deviation is not 
sufficiently great to account for the differences between the two groups. A second 
possibility is that the amounts of specifically precipitable nitrogen do not accur- 
ately represent the amounts of specific antibody. These determinations were, 
however, very carefully carried out and the results of extensive checking show 
that with any given lot of pneumococcus polysaccharide the maximum amount 
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o? specifically precipitable nitrogen as determined by the standard procedure is a 
fixed characteristic of a given serum. Whether one is warranted in assuming 
that this precipitable nitrogen represents only specific antibody is another matter. 
It has been shown by Heidelberger and Kendall (16), for example, that if Type II 
capsular polysaccharide is added to a scrum containing both Type I and Type II 
antibodies, both will be found in the resulting precipitates. An example of a 
quantitative experiment designed to determine the extent of this non-specific 
precipitation is shown in Table IV. Type I capsular polysaccharide was added 
to Type I and Type II sera separately and after these had been mixed. It will be 
noted that while the addition of Type I capsular polysaccharide to the Type II 
serum gave no precipitate the addition of the carbohydrate to the mixture of the 
two sera gave a nitrogen result higher by 7.2 per cent than was obtained by the 
addition of the polysaccharide to the Type I serum. This is regarded as a sig- 


' TABLE IV 

The Influence of Heterologous Antibodies on the Apparent Amount of Specifically 
Precipitable Nitrogen 


Type I antipneumococcus 
horse serum 

Type II antipneumococcus 
horse serum 

Type I capsular 
polysaccharide 

Precipitable nitrogen 

ee. 

ee. 

mg. 

mg. 

1.0 

— 

0 25 

1.490 

1.0 

1.0 

0 25 

1 597 


1 0 

0 25 

0.000 


Precipitation carried out at 4°C. according to the method of Heidelberger and 
Kendall (9). 


nificant increase but the amount is not great enough even under the conditions of 
this experiment to affect seriously the general results shown in Table III. 

Antibodies other than the type specific anticarbohydrate are present in prac- 
tically every Type I antipneumococcus horse serum. Some of these, such as those 
directed against the pneumococcus protein and the somatic carbohydrate (C sub- 
stance) are present in amounts so small as to affect the results only to a very slight 
extent even were a considerable proportion included in the immune precipitate. 
Tests as to the monovalence of the immune horse sera were carried out and it was 
found that only one, No. 58, gave any reaction with the capsular polysaccharides 
of other pneumococcus types; this serum had antibodies which reacted with the 
capsular polysaccharide of Type II Pneumococcus, although the reaction was 
faint. It would therefore appear that the quantitative results have not been 
seriously affected by non-specific reactions. 

Since there appears to be no obvious experimental error sufficient 
to account for the observed differences between the two groups of 
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immune horse sera another explanation must be sought. In the 
absence of definitive evidence any explanation must, however, be of a 
hypothetical nature. 

As a first possibility it may be that certain of these sera contain substances 
other than the specific antibody which largely condition the in vivo efficacy of 
these antibodies. From the results of studies on the relation of lipids to immuno- 
logical reactions, one might hold that an abnormal lipid pattern would tend to 
inhibit the protective action of the serum (17). This possibility seems somewhat 
unlikely, however, in view of the fact that each group included both pooled sera 
and sera from single bleedings. Furthermore if some inhibitor were present 
in the sera of group A it would seem unlikely that the amount would be so con- 
stant with respect to the amount of predpitable antibody as to give the con- 


TABLE V 


Mouse Protective Potencies and Specifically Predpitable Antibody of Seven Type I 
Antipneumococcus Rabbit Sera 


Serum lot 

Protective units 
per cc. 

Maximum specifi- 
cally precipitable 
nitrogen 

Protective units 
per mg. of specifically 
predpitable nitrogen 

Mean protective 
ratio 

22 

1070 

mt. per cc. 

0.938 



28 


0.986 



27 

1190 

1.108 



A7 

1270 

1.128 

1125 

1170 

26 

1390 

1.116 

1245 


25 

1830 

1.533 

1195 


24 

1910 

1.510 

1265 



All lots represent pooled bleedings and the sera have not been concentrated. 


sistent results obtained. If the inhibitor were intimately and quantitatively 
associated with the antibody molecules this hypothesis might be tenable. 

A second explanation is that certain horses may produce antibodies having 
greater protective values. Here again the matter of sera from single and pooled 
bleedings would seem to make this possibility slight. 

A third possibility is that the antibodies in a given immune horse serum, al- 
though reacting with the specific polysaccharide, may in fact represent a series 
of substances possessing different avidities, different degrees of specificity, differ- 
ent protective values, and perhaps even different chemical properties. It is 
possible that an immune serum may contain a mixture of specifically reactive anti- 
bodies varying in one or more of these properties. 
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Antibody Content of Antipneumococcus Rabbit Sera 
Determinations of protective potencies and of maximum amounts 
of specifically precipitable nitrogen have been carried out with seven 
Type X antipneumococcus rabbit sera. The results of these deter- 
minations are presented in Table V. 

The estimations of protective potencies arc based on an average of 4.7 titra- 
tions per serum, with an average number of 77 mice per serum, exclusive of those 
involved in the simultaneous titration of the standard serum. 

It will be noted that the protective values of the immune rabbit 
sera range from 1070 to 1910 units per cc. but that the number of 
protective units per mg. of specifically precipitable nitrogen is rel- 
atively constant, averaging 1170. Thus Type I antipneumococcus 
rabbit sera appear to be uniform in their protective ratios. This 
result stands in contrast to those obtained with antipneumococcus 
horse sera. 

There is reason therefore to believe that in the case of immune rabbit serum 
the protective potency can be directly estimated from determinations of the 
maximum amount of specifically precipitable protein. This, however, is true only 
under certain definite conditions. It has been dearly pointed out by Heidel- 
berger, Kendall, and Scherp (8) that various preparations of capsular polysacchar- 
ide vary in their capacity to precipitate the antibodies of antipneumococcus rabbit 
serum. This variation is so great that it is necessary to test each polysaccharide 
preparation. It is believed, however, that if a given polysaccharide preparation 
is standardized against one serum and if this serum has been fully appraised in a 
mouse protection test, one should be able to standardize all other immune rabbit 
sera of the same type on the basis of the known precipitating properties of the 
given lot of polysaccharide. It is known, for example, that the lot of polysacchar- 
ide used in these experiments will precipitate approximately 92 per cent of the 
specific protective antibody from a given antipneumococcus rabbit serum. 

The general differences between the protective ratios of immune horse and 
immune rabbit sera can perhaps be partially explained. With Bauer (18) it has 
been shown by ultrafiltration that the horse antibodies are in general larger than 
those of immune rabbit serum. Heidelberger and Pedersen (19) have demon- 
strated similar differences by the use of the ultracentrifuge. Although in certain 
details the results by the two methods are not in complete accord, there is now 
little doubt but that a difference in size does exist. If the rabbit antibody is 
actually smaller than that of the horse there should be in a given mass of rabbit 
antibody a much greater reactive surface and therefore one would expect that a 
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greater amount of carbohydrate could be bound in proportion to the amount of 
antibody. At the present time it is not possible to conclude that this explanation 
accounts for the observed differences in protective ratios, but the facts are sug- 
gestive. 


SUMMARY 

The ability to carry out with some measure of precision mouse 
protection tests for the estimation of potency of antipneumococcus 
sera has made possible the correlation of the protective potency with 
the amount of specifically precipitable protein. With antipneu- 
mococcus rabbit sera these protective ratios are relatively constant 
and higher than those with immune horse serum. Type I anti- 
pneumococcus horse sera, on the other hand, show no such constancy 
but fall into two groups; and there is as yet no simple method for 
determining to which group a serum belongs. 
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PROPERTIES OF THE TYPE SPECIFIC PROTEINS OF 
ANTIPNEUMOCOCCUS SERA 

II. Immunological Fractionation or Type I Antipneumococcus 
Horse and Rabbit Sera 

By KENNETH GOODNER, Pn.D., and FRANK L. HORSFALL, Jr, M.D. 

( From the Hospital of The Rockefeller Institute for Medical Research) 
(Received for publication, June 23, 1937) 

In the preceding paper of this series (1) it was reported that the 
amount of specific antibody precipitable by the capsular polysac- 
charide is related to the mouse protective value of Type I antipneumo- 
coccus serum only under certain well defined conditions. Thus with 
Type I antipneumococcus rabbit serum there was a direct propor- 
tionality between the two determined values. The protective ratio 
for immune rabbit serum, that is, the number of protective units per 
mg. of specifically precipitable nitrogen, was, however, higher than 
that for Type I antipneumococcus horse serum. Moreover, it was 
found that with the latter there existed at least two different protec- 
tive ratios. Thus antipneumococcus rabbit sera average 1170 mouse 
protective units per mg. of specifically precipitable nitrogen, whereas 
horse sera fall into two groups having average values of 540 and 800 
units per mg., respectively. 

Several hypotheses were advanced as possible explanations for the differ- 
ences in the protective ratios of different lots of antipneumococcus horse sera. 
It was reasoned that if, according to the generally accepted thesis, the horse 
had formed only one antibody specific for the pneumococcus capsular poly- 
saccharide, the protective ratios of the sera might differ because of certain 
secondary factors. It is known, for example, that the protective action of anti- 
pneumococcus horse serum can be readily modified by admixture with certain 
lipids in very small amounts (2). The consistency of the results within the 
groups would necessitate a degree of uniformity in distribution of secondary 
substances which would seem to render this possibility somewhat unlikely. 

It was also suggested as a possibility that more than one substance 
in the immune horse serum might possess the capacity of reacting 
425 
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with the capsular polysaccharide but that each of these possible anti- 
bodies might possess characteristically different capacities to confer 
passive protection on mice. It was held that if this were correct 
immune horse sera might represent equilibrated mixtures of anti- 
bodies, dominantly type specific, but varying in degree as to protective 
action. These various hypotheses are somewhat difficult of experi- 
mental proof but two forms of experimentation have been devised to 
determine if all type specific antibodies in a given antipneumococcus 
serum possess the same capacity to confer protection upon mice. The 
first approach is based on the fractional precipitation of the antibody 
from serum by the addition of various amounts of specific polysac- 
charide. From analyses of the amount of protein specifically pre- 
cipitated and of the amount of protective antibody remaining in the 
absorbed serum, it is possible to calculate the protective value of each 
fraction of antibody precipitated. The data derived from experi- 
ments of this order form the subject matter of the present paper. 

A second and more direct approach has also been employed, namely, 
the attempt to isolate antibody proteins in more or less pure form with 
analyses of the protective values of the variously isolated fractions. 
The results of this study will be presented in a subsequent paper. 

EXPERIMENTAL 

Materials and Methods . — A detailed description of the immune sera, of the 
capsular polysaccharide preparation, and of the general methods of procedure 
used in the present study has been given in the preceding paper (1). In brief, the 
method for the determination of the amount of specifically precipitable nitrogen 
in the immune precipitates is that proposed by Heidelberger and Kendall (3). 
Precipitates are prepared in the cold and after 18 hours at 4°C. are carefully 
washed twice with ice-cold saline. Protein precipitated is determined as nitro- 
gen. For mouse protection tests the method of Kirkbride, Hendry, and Mur- 
dick (4) has been used and the results analyzed by the method of Muench (5). 
Experimental evidence supporting the accuracy of the technical procedures 
employed has been given in the preceding paper (1). 

Immunological Fractionation of Antipneumococcus Horse Serum 

Heidelberger and Kendall in a series of papers have demonstrated 
the quantitative interrelationships between the amount of capsular 
polysaccharide added to a specific immune serum and the resultant 
amount of immune precipitate (6). It is possible to remove a definite 
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and predictable quantity of the specific antibody by the addition of a 
known amount of polysaccharide, and to estimate the amount of anti- 
body remaining in solution cither by difference or by direct deter- 
mination. At the same time it is possible to estimate the amount of 
protective antibody remaining in the absorbed serum by the tests 
and analytical procedures previously described (1). If a series of 
partial absorptions is carried out and the supernatant fluids so remain- 
ing after each precipitation are analyzed, it is possible to calculate by 
difference the protective potency of the antibody removed by each 
addition of specific polysaccharide. 

In the first experiment Type I antipneumococcus horse serum, 
lot AA was used. By repeated mouse protection titration against a 
standard serum the test serum has been found to contain approxi- 
mately 1405 protective units per cc. 

To each of a large series of tubes was added exactly 2.0 cc. of a 1 :2 dilution 
of sediraent-free scrum and the tubes were then chilled. Various amounts of 
chilled capsular polysaccharide solution were then added as indicated in Tablel. 
The volumes were then made up precisely to 4.0 cc. with cold saline. After 
18 hours at 4 D C. all tubes were centrifuged for 1 hour in the cold. The super- 
natant fluids were then decanted and those from duplicate tubes were pooled. 
The precipitates were carefully washed twice with ice-cold saline and the pre- 
cipitated protein determined as nitrogen. The analyses, carried out in quad- 
ruplicate, therefore represent the amount of nitrogen specifically precipitable 
from 1 cc. of serum by the indicated amount of polysaccharide. 

Simultaneous mouse protection tests were next carried out with the super- 
natant solutions which represented exactly a 1-4 dilution of the original serum. 
The number of mouse protective units in the supernatant fluids was calculated 
by reference to the unitage potency of the unadsorbed serum as previously 
determined by simultaneous titrations against a standard. 

Table I shows the amounts of nitrogen specifically precipitated by 
the various amounts of capsular polysaccharide both as mg. per cc. 
of antiserum and in per cent with reference to the maximum amount 
of specifically precipitable nitrogen. From these data have been 
calculated the amounts of specific antibody nitrogen which in theory 
should still be present in the supernatant fluids. That all precipitates 
(except VII) were formed on the antibody excess side of the equiva- 
lence zone was shown by the fact that none of the other supernatant 
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fluids contained immunologically demonstrable capsular polysac- 
charide. 

The results of the mouse protection tests on the supernatant solu- 
tions in terms of dilution end-points (Muench 50 per cent system) are 
also shown. From these figures by proportional calculation have 
been derived the number of mouse protective units remaining in the 
supernatant solutions. The last col umn gives the number of pro- 
tective units per mg. of specifically precipitable nitrogen. 


TABLE i 


Fractional Precipitation of Antipneinnococcus Horse Serum with Specific Capsular 
Polysaccharide and the Determination of the Protective Potency of the Unpre- 
cipitated Antibody in the Supernatant Fluid 


Supernatant fluids 

N 2 specifically 
precipitated 

Supernatant fluids 

Desig- 

nation 

Obtained 
after addition 
of capsular 
polysaccha- 
ride mg. per 
cc. of serum 

Mg. 
per cc. 

Per cent of 
maximum 
specifically 
precipitable 
nitrogen 

Specific N* 

(by difference) 

Mouse protection 

Protective 
units per mg. 
of specific N 2 
(protective 
ratio) 

Mg. 
per cc. 

Per cent of 
maximum 
specifically 
precipitable 
nitrogen 

Dilution 

end-point 

Calculated 
units per cc. 
referred to 
original 
serum 

i 

0 


0 

1.844 

100.0 

1-109.4 

1405 

760 

n 

0.025 

0.559 

30.3 

1.285 

69.7 

1-87.7 

1125 

876 

in 

0.05 

0.923 

50.1 

0.921 

49.9 

1-64.0 

822 

893 

IV 

0.06 

1.124 

61.0 

0.720 

39.0 

1-39.7 

510 

70S 

V 

0.08 

1.342 

72.8 


27.2 

1-13.6 

175 

349 

VI 

0.10 

1.571 

85.3 

0.273 

14.7 

1 ^ 1.0 

51 

187 

VH 

0.25 

1.844 

100.0 

0 

0 


0 

— 


From these results it will first be noted that the admixture of 
0.25 mg. capsular polysaccharide with 1.0 cc. of serum removed all 
of the protective antibody. Each addition of polysaccharide removed 
a certain amount of protective antibody, but the relationship between 
protective potency and specifically precipitable protein remaining in 
solution is not linear. Thus it will be noted that with the removal 
of the first 30 per cent of specifically precipitable nitrogen the antibody 
remaining in solution showed a higher protective ratio than that in 
the original unabsorbed serum. The direction of this change, how- 
ever, was reversed following the removal of 60 per cent of the pre- 
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cipitable antibody, and as more and more antibody was removed the 
protective ratio of that remaining in solution became progressively 
lower, until finally when 84 per cent had been precipitated the anti- 
body remaining possesses a potency of only 187 protective units 
per mg. 

It is obvious that all supernatant fluids previous to VI contained 
antibody of low protective potency. It is possible, however, to arrive 
at the actual protective potency of each fraction of precipitable anti- 
body by a process of subtraction. The results of these calculations 
are shown in Table II and presented diagrammatically in Text-fig. 1. 


table n 


Analyses cf Protective Potencies oj Various Fractions oj the Specifically Precipi- 
table Antibody of Type I Anlipncumococcus Horse Scrum 


Fraction 

Position in pre- 
cipitable range 

Specific nitrogen 
content of frac- 
tion (by differ- 
ence from 
Table 1) 

Protective units 
in fraction (by 
difference from 
Table 1) 

Protective 
ratios: Units 
per m (^specific 

Designation 

Reference 

supernatant 

designation 

1 

I-XI 

per cent 

0 -30,3 

0.559 

280 

505 

2 

n-m 

30.3-50.1 

0 364 

303 

830 

3 

III-IV 

50.1-61.0 


312 

1550 

4 

IV-V 

61.0-72.8 

0 218 

335 

1540 

5 

V-VI 

72.8-85.3 

0 229 

124 

540 

6 

VI-VII 

85 3-100 0 

0 273 

51 

187 


It will be noted that the antibody precipitated by the addition of 
the smallest amount of capsular polysaccharide possessed a protective 
ratio (505 units per mg.) much lower than that of the antibody in the 
unabsorbed serum (760 units per mg.). Similarly the last fraction 
precipitated (No. 6) possessed an extremely low protective potency 
(187 units per mg.). Between these two low protective ratios, how- 
ever, there exists a range in which the mouse protective value is very 
high, approximately 1550 units per mg. of specifically precipitable 
nitrogen which is almost exactly twice the figure for the unabsorbed 
serum. 

Repeated experiments as well as estimations of the probable errors 
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in the work lead to the conclusion that although the actual figures 
may not be absolute the comparative values are correct. 

It is quite apparent from these results that those substances in 
antipneumococcus horse serum which are considered as specific anti- 
bodies do not possess equal properties as regards their capacity to 
protect mice against infection. 



Percen.td.ge range of preci pit ability 

Text-Fig. 1 . Protective potencies of various fractions of the specifically 
precipitable antibody of Type I antipneumococcus horse serum. 

These results might be interpreted as demonstrating the existence 
in an immune horse serum of a large series of antibodies of varying 
potencies. A simpler conception would be that in antipneumococcus 
horse serum there exist at least three substances possessing all of the 
properties of specific antibodies. That which is first precipitated 
upon the addition of polysaccharide might be thought of as possessing 
a great avidity 1 but for some reason a low protective value. That 

1 The term avidity is here used in the more commonly accepted sense of rate 
of visible reaction rather than with reference to antigen-antibody union proper. 
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which occupies the intermediate position has less avidity hut a very 
high mouse protective value. That which is last precipitated has the 
lowest avidity and also the lowest protective value. The figures 
obtained in this analysis undoubtedly do not represent the actual 
values inasmuch as these fractions probably still represent mixtures. 

Immunological Fraclionalion of Anlipnettmococcus Rabbit Serum 

A similar procedure of immunological fractionation has been carried 
out with Type I antipneumococcus rabbit serum and the results are 
presented in Table III. 


TABLE HI 


Fractional Precipitation of Antipneumococcus Rabbit Serum with Specific Capsular 
Polysaccharide and the Determination of the Protective Potency of the Unpre- 
cipitated Antibody in the Supernatant Fluid 


Supernatant fluids 

Ni specifically pre- 
cipitated 

Supernatant fluids 

resig- 

nation 

Obtained 
alter addi- 
tion of 
capsular 
polysacchar- 
ide rttg per 
cc. of serum 

Mg. 

Per cc. 

Per cent of 
maximum 
specifically 
precipitable 
nitrogen 

Specific Nj 
(by difference) 

Mouse protection 

Protective 
units per mg. 
of specific 

Nj (protec- 
tive ratio) 

Mg. 

pcrcc. 

Per cent of 
maximum 
specifically 
precipitable 
nitrogen 

Dilution 

end-point 

Calculated 
units per 
cc. referrrd 
to original 
serum 

I 

o 

o 


1.533 



1830 

1195 

n 




1.135 


1-78.7 

1348 


III 



61.5 

iragj 

38.5 

1-45 1 

773 

1295 

XV 


1 196 

78.1 

itSiSi 

21.9 

1-28.3 

485 

1440 

V 


1.533 


0 


1-10-8 

185 

— 


The application of this method to immune rabbit serum is rendered 
somewhat difficult by the fact that the protective antibody is not 
completely precipitated by the capsular polysaccharide as now pre- 
pared. For this reason the apparent number of protective units 
per mg. of precipitable nitrogen in the supernatant of precipitate VI 
is infinitely high. This same factor tends to distort somewhat the 
values in all preceding supernatants. By the determination of agglu- 
tinin nitrogen by the method of Heidelberger and Kabat (7) it has 
been found that at least 6 per cent of the specific antibody is not 
precipitated by the polysaccharide preparation used. This amount 
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corresponds quite well with the amount of protective substances 
remaining in the supernatant solution. 


TABLE IV 


Analyses of Protective Potencies of Various Fractions of the Specifically Precipi- 
table Antibody of Type 1 Antipneumococcus Rabbit Serum 


Fraction 


Specific nitrogen 

Protective 

Protective 
ratios: Units 
per mg. 
specific Ns 

Designation 

Reference 

supernatant 

designation 

in precipitable 
range 

fraction (by 
difference from 
Table III) 

fraction (by 
difference from 
Table III) 

i 

i-ii 

per cent 

0 -26.0 

mm 

482 

1210 

2 

ii-m 

26. 0-61. S 

■IB 

575 

1170 

3 

III-IV 

61.5-78.1 

WmBm: 

288 

1105 

4 

IV-V 

78.1-100.0 

n 

300 

890 



Text-Fig. 2. Protective potencies of various fractions of the specifically 
precipitable antibody of Type I antipneumococcus rabbit serum. 

This apparent defect is, however, eliminated by translation of the 
data, as in the case of horse serum, into terms of protective ratios for 

















KENNETH GOODNER AND FRANK L. HORSFALL, JR. 


433 


each fraction. These calculations are shown in Table IV and pre- 
sented graphically in Text-fig. 2. 

From these data it will be noted that contrary to the observations 
with horse serum the antibody first precipitated from rabbit serum has 
a high protective ratio. In fact this protective value remains high 
throughout almost the entire range. There is a slight diminution 
with-tnaFalitibody which is last precipitated. 

Jxht simplest conception which served to describe the results with 
antipneumococcus rabbit serum is that there are at most only two 
substances which have all of the properties of specific antibodies and 
that both possess a relatively high protective ratio. In comparison 
with antipneumococcus horse serum the differences are slight. These 
experiments furnish additional evidence as to the marked contrasting 
properties of the immune sera from the two animal species. 

The calculations presented have been based on determinations as to the 
amount of antibody precipitated, that remaining after precipitation being es- 
timated by difference. In each instance, however, the amount of precipitable 
antibody in the supernatant fluids was actually determined. Since the deter- 
mined residual antibody showed a quantitative parallelism with the amount 
estimated by difference, the calculated protective ratios are so closely parallel 
to those reported that they need not be detailed. 

DISCUSSION AND SUMMARY 

The generally held view has been that in any immune serum only 
a single antibody would be induced by and react with a single antigen. 
Were this true the various manifestations of antibody activity should 
show a quantitative parallelism. It has already been shown (1), 
however, that with antipneumococcus horse serum the mouse protec- 
tive potency does not parallel the maximum amount of specifically 
precipitable protein except within certain well defined groups of anti- 
sera. The simplest explanation of this situation is that different horses 
form antibodies differing in specific protective capacity, but from our 
studies it seems probable that in any immune serum there may occur 
a mixture of antibodies which, while directed against the same antigen, 
possess different protective capacities, different avidities, etc. It 
would now appear that this latter hypothesis is the more tenable since 
the experiments here reported indicate the existence of antibodies of 
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various protective potencies in horse antisera. It would not be un- 
reasonable to hold that the antibodies of a single serum represent a 
series of substances with varying properties. On the basis of the 
present immunological fractionation experiments, the following deduc- 
tions seem permissible. 

1. Antipneumococcus horse sera must contain at least three, pos- 
sibty many, antibody substances which react with the capsular poly- 
saccharide. These are: (a) A substance which precipitates upon the 
addition of a relatively small amount of polysaccharide. This anti- 
body possesses a low protective potency. (6) A substance which is 
precipitated with intermediate amounts of polysaccharide and which 
possesses an extremely high protective value, (c) A third substance 
which is precipitated only with the addition of relatively large amounts 
of polysaccharide. The protective value of this antibody is very low 
It may represent a degraded form. 

2. With antipneumococcus rabbit serum the situation is somewhat 
simpler. This is in accord with the fact that with Type I antipneu- 
mococcus sera from this species there is a direct proportionality 
between the amount of specifically precipitable protein and the pro- 
tective potency of the serum (1). The results with antipneumococcus 
rabbit serum indicate the existence of at least two antibody substances : 
(a) An antibody with high protective value which makes up the 
greater proportion of the total content. ( b ) A second substance 
which is precipitated only upon the addition of relatively large amounts 
of capsular polysaccharide. The existence of this second antibody 
is not clearly demonstrated by the present findings but the lower pro- 
tective ratios obtained as greater amounts of antibody are removed 
probably indicate its existence. This may also represent degraded 
material. 

The observations on the antibodies of both horse and rabbit antisera 
will be supported by experiments with immunochemical fractionation 
which will be reported in a subsequent paper. 

CONCLUSIONS 

1. In an effort to explain a certain lack of parallelism between the 
antibody content and the protective values of antipneumococcus horse 
sera, experiments have been carried out in which determined propor- 
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tions ot the specific antibody have been removed from sera and the 
protective values of the residuum determined. 

2. These experiments with immunological fractionation have re- 
vealed that the specific antibodies of immune sera do not possess 
uniform mouse protective potencies. The inference is that there may 
be several different substances in immune sera, each dominantly spe- 
cific, yet exhibiting marked differences in avidity and in protec- 
tive value. 
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The immediately preceding paper of this series dealt with experi- 
ments designed to determine ii all type specific antibodies of anti- 
pneumococcus serum possessed equivalent mouse protective values (1). 
The results obtained by comparison of the amounts of antibody pro- 
tein with the protective potencies of various fractions precipitated by 
the addition of capsular polysaccharide furnished evidence that in 
antipneumococcus horse serum there exist at least three, and probably 
more, substances capable of reacting with the specific carbohydrate. 
With antipneumococcus rabbit serum evidence of marked differences 
in the specifically reactive antibodies is not so evident. 

Although the results of these experiments were quite definite it 
seemed desirable to confirm the findings by some independent pro- 
cedure. The most convincing confirmation would, of course, be the 
actual isolation of these various antibody substances. 

The present paper reports the results of attempts to isolate the 
specific antibodies of Type I antipneumococcus sera. The method 
employed was immunochemical rather than purely chemical, since it 
was obviously important to obtain antibodies specifically directed 
against the capsular polysaccharide and as free as possible from other 
protein substances in the serum possessing properties chemically 
similar, but immunologically unrelated to those which characterize 
the specific antibody. 


experimental 

Materials and Methods.— The general methods used for the determination of 
specifically precipitable nitrogen and protective potencies have been detailed 
437 
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in the first paper of this series (2). The methods employed in the various 
lipid analyses have also been reported (3). 

Immunochemical Fractionation of Type I Antipneumococcus 
Horse Serum 

After several other methods had been tried it was found that the 
so called dissociation method of Heidelberger and Kendall (4) offered 
the greatest promise. This method is selective since it involves re- 
covery of antibodies from the immune precipitate formed by the 
addition of capsular polysaccharide to the homologous immune serum. 
The precipitate thus formed is washed and then extracted with hyper- 
tonic salt solution. As a result of this treatment some free antibody 
appears in the solution. These precipitates were formed on the anti- 
body excess side of the equivalence zone since in the region of excess 
polysaccharide the bound antibodies are not freed upon extraction 
with hypertonic salt solution. 

Heidelberger and Kendall using a serum containing both Type I 
and Type II antibodies found, however, that the immune precipitate 
formed upon the addition of Type II polysaccharide yielded both 
Type I and Type II antibodies upon extraction. According to now 
prevalent views the Type I antibody could scarcely have been precipi- 
tated as a result of true antigen-antibody union, since the addition 
of Type II polysaccharide to a Type I antiserum does not give a visible 
precipitate. Since this experiment was carried out with a polyvalent 
serum two explanations seemed possible. First, it might be that an 
animal immunized to two antigens may form antibodies which in 
part at least are polyvalent, that is, each antibody molecule might 
contain groupings which would react with both antigens. Secondly', 
it might be that each antibody in polyvalent serum is strictly' monova- 
lent but that those of the heterologous type become occluded in the 
immune precipitate as a result of adsorption. 

The possibility' of the participation of adsorptive phenomena sug- 
gested that the role of temperature be investigated. Consequently 
an experiment was arranged so that immune precipitates were formed 
at various temperatures from mixtures of monovalent sera and from 
a polyvalent serum. 

Immune precipitates were prepared from these sera by the addition of Type I 
pneumococcus capsular polysaccharide at two contrasting temperatures, 4° and 
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37°C. In each instance the amount of polysaccharide was insufficient to fully 
saturate the antibody in the serum. After 1 hour the tubes were centrifuged 
and the precipitates washed twice with saline at the respective temperatures. 
To each washed precipitate was then added 1.0 cc. of 6.4 percent NaC] solution 
and the precipitates were thoroughly dispersed in this fluid. All tubes were 
incubated 1 hour at 37°C. and were then centrifuged and the supernatant fluid 
removed and diluted with three volumes of distilled water so as to bring the 
salt concentration to 1.6 per cent. To portions of these supernatants were then 
added various polysaccharides in order to detect the presence of homologous 
and heterologous antibodies. 


TABLE I 


Effect oj Temperature upon the Absolute Specificity of Immune Precipitation 


Scrum 

Poly- 

saccharide 

added 

Reac- 

tion 

Mixtures Incubated 1 hr.; washed twice with saline at 
respective temperature. 1 cc. 6 4 per cent NaCl added to 
each tube and all incubated 1 hr, at 37*C Centrifuged. 
Supernatant diluted l-l with distilled water. Extract 
tested against following polysaccharides; 




Type I 

Type II 

C 

SiUne 

Mixed Type I and 
Type II 

Type I 

•c. 1 

37 1 

\ 

++++ 




Same 

ic “ 

4 ' 

++++ 

++ 


— 

Polyvalent Types I 
and II 

.. 

37 i 

++++ 



_ 

_ 

Same 

it a 

4 

++++ 

++ 

+ 

- 


The results of this experiment are shown in Table I. These data 
demonstrate that at 4°C. certain amounts of heterologous as well as 
homologous antibodies had been carried down in the precipitate 
formed upon the addition of Type I capsular polysaccharide. On the 
other hand those reactions carried out at 37°C. appear to have been 
entirely specific since the heterologous antibodies -were not extracted 
from these immune precipitates. 

Because of the relationship to temperature it seems reasonable to 
infer that heterologous antibodies may become involved in the forma- 
tion of immune precipitates as a result of adsorption. Furthermore 
these results suggest that antibodies are relatively monovalent even 
though formed at the same time as a result of two specific stimuli. 

With the knowledge that only the specific antibodies are precipi- 
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Protocol of Experiment for the Selective Isolation oj l\ 
Type I antipneumococcus horse serum lot 1150. 200 cc. cl 


Precipitate . — Washed twice with tap water. Addrl 
until dissolved. Warmed to 37°C. and at thii I 
SSS added. Precipitate allowed to settle 1 hr. 


Precipitate . — Washed with physiological saline 3 times 37°, 100 c 
added, agitated 1 hr. 37°. Centrifuged 


Precipitate . — Discarded Supernatant . — Filtered through paper 

Filtrate dialyzed 48 hrs. against 
running tap water. Centrifuged 


Precipitate . — Added 100 cc. 
1.6%NaCl — thorough agi- 
tation. Centrifuged 


Insoluble fraction . — After treatment 
with trypsin gives reaction with 
antiserum indicating presence of 
combined polysaccharide 


Soluble fraction . — Gives immediate reaction 
with capsular polysaccharide. Precipi- 
tates upon dilution with water. After 
digestion with trypsin presence of poly- 
saccharide not detectable. Designated 
as E antibody 


Supernalar.tr-' 
with capsu! 

Active mate 
pH to 7.65. 
sin presence 
able. Desig 


nsm. m 
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ej Ex tsi-sijn ,'x Specific c Antibodies of Antipneumococcus Horse Serum 
-:Ii:;^ttrxoctab:ssr 2 fctO;pIua 1800 cc. tap water-overnight in ice box. Centrifuged 


1.6% NaCl; stirred Supernatant .— Discarded 

c’JteW WL-itjrCcature 10 mg. Type I 
SSStJJri 1 hr. 37° 


-WisW rui pim!oj& s& J ^ 

riaicdlbr CetrM 


Supernatant . — 10 mg. SSS I added 37°. 
After 1 hr. 37°, centrifuged 


1 

n-rttip n‘£ fc 3 


Precipitate .—' Washed with physiological saline 
3 times 37®. 100 cc. 10% NaCl added; agi- 
tated 1 hr. 37°. Centrifuged I 


Supernatant . — Discarded 


.died IW *• 

• r k~i 


^immediate precipitation 
'^jlysaccharide in saline, 
precipitated on adjusting 
.^r digestion with tryp- 
^Iysaccharide not detect- 
fji as P antibody 


Gi«Y5 isn«^ ***?? 

antibody 


cfpr 


Precipitate . — Discarded Supernatant . — Filtered through paper. 

Filtrate dialyzed 48 hrs. against 
running tap water. Centrifuged 


Precipitate . — Added 100 cc. Supernatant. — Discarded— Gives 

1.6% NaCl — thorough agi- no reaction with SSS 

tation. Centrifuged 


Insoluble . — D iscarded 


Soluble fraction . — Properties as E 
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tated at 37°C. and that release of antibody can only be obtained on 
the antibody excess side of the equivalence zone, a method was avail- 
able for the selective isolation of capsular carbohydrate antibodies 
from antipneumococcus sera. 

The procedure adopted with antipneumococcus horse serum can best be 
presented in the form of a protocol as in Table II. The serum is first diluted 
with water in order to precipitate the so called water-insoluble globulins. The 
water-insoluble fraction contains most of the type specific antibodies and by this 
initial procedure a certain degree of purification is effected by elimination of a 
considerable amount of inert material. The protein precipitate is then dis- 
solved in 1.6 per cent NaCl and warmed to 37°C. At this temperature a small 
amount of the capsular polysaccharide is added and the resulting precipitate 
allowed to settle for 1 hour. After this time the supernatant fluid is removed 
and the precipitate washed three times with warmed saline by centrifugation. 
To the precipitate is then added an appropriate amount of 10 per cent NaCl 
and the contents are agitated for 1 hour. The supernatant fluid is then filtered 
through paper and dialyzed 48 hours against running tap water. In the mean- 
time to the supernatant resulting after the first immune precipitation an addi- 
tional amount of specific polysaccharide was added and the resulting precipitate 
extracted in exactly the same manner. Addition of small amounts of poly- 
saccharide have been used rather than one larger amount so as to obtain pre- 
cipitates representing different points in the scale of avidity. 

From the hypertonic salt extracts of these immune precipitates, 
as well as those of all experiments, three separate fractions were 
recovered. The first fraction, usually present in all extracts, consists 
of material which precipitated during dialysis and was not then 
soluble in 1.6 per cent salt solution and was only sparingly soluble in 
more concentrated salt solutions. No evidence was found of the 
presence of free polysaccharide in this material, although after heating 
to denature the protein and treating the coagulum for a few minutes 
with trypsin at pH 8.2 a strong reaction was obtained with immune 
serum indicating that the enzymatic digestion had released free poly- 
saccharide. This fraction is regarded as a combined polysaccharide- 
antibody complex. 

A second fraction, protein in nature, which also precipitated as a 
result of dialysis was completely soluble in 1.6 per cent salt solution. 
The resulting viscous opalescent solution gave a strong reaction with 
capsular polysaccharide and as will be shown below' had excellent 
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mouse protective properties. This substance is designated as anti- 
body E. 

The hypertonic salt solution extract of the precipitate obtained upon 
the first addition of the polysaccharide to the antibody solution con- 
tained a third material which did not precipitate upon dialysis but 
which nevertheless gave strong reactions with added polysaccharide. 
This protein was water-soluble except in the neighborhood of pH 7.65. 
If brought to this point the protein associated with antibody activity 
separated out slowly as a fine white precipitate. Solutions of this 
material also possessed the property of protecting mice. This form 
of antibody, designated as P, is usually obtained only from the first 
precipitate formed on the addition of the polysaccharide. 

This method of fractionation has been repeatedly carried out with 
various lots of immune horse sera and has invariably yielded these 
two forms of type specific antibody. The various determined proper- 
ties of the two antibody solutions may be summarized as follows: 

Solubilities . — The E antibody is water-insoluble and is precipitated from 
solution by third saturation with ammonium sulfate. In this respect it resem- 
bles an cuglobulin. The P antibody is water-soluble except at its isoelectric 
point, approximately pH 7.6. It is not precipitated until half saturation with 
ammonium sulfate is reached. It thus resembles a pseudoglobulin and in these 
properties it appears to be identical with the material described by Goebel and 
Chow (5). 

Avidities . — If solutions of these two antibodies are diluted to the same pro- 
tein concentration and similar amounts of capsular polysaccharide added, care 
being taken to avoid convection currents, it is found that the P antibody pre- 
cipitates much more rapidly. In this respect it may be thought of as possess- 
ing the greater avidity, the latter term having been generally used to indicate 
rate of precipitation rather than rate of union. This finding is supported by 
the fact of isolation of the P form from the precipitate formed on the addition 
to the serum of the smallest amount of polysaccharide. 

Combining Ratios . — In the range of antibody excess the following mean com- 
bining ratios have been determined. 

E: 2.6 mg. nitrogen per mg. capsular polysaccharide 
P; 23.4 « « « " 

These combining ratios are consistent with the observations as to the respective 
avidities of the two forms of antibody. 

Heterologous Reactivity . — Type I antipneumococcus horse serum gives few 
heterologous cross reactions. Goebel and Hotchkiss (6) have shown, however, 
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that if galacturonic acid (a constituent of the capsular polysaccharide) is at- 
tached to a protein, the resultant conjugated antigen gives a precipitin reaction 
when added to Type I horse serum. This reaction is not obtained with Type I 
antipneumococcus rabbit serum nor is it possible with this antigen to remove 
all of the type specific antibody from the immune horse serum. It has been 
found that this antigen gives a precipitin reaction with solutions of the P anti- 
body but does not react with the E antibody. 

Specific Precipitability . — As a means of determining the relative state of 
immunological purity of the two forms of antibody isolated by the methods 
described, analyses have been carried out to determine the specific precipitabil- 
ity of various preparations. Results of analyses on two separate preparations 
of the E and P antibodies are shown in Table III. 

TABLE III 


Specific Precipitability of Antibody Preparations 











l 

2 

1 

2 





Total nitrogen, mg. per cc 

0.154 

0.183 

0.141 

0.445 

Amount of capsular polysaccharide required for 
maximum precipitation, mg. per ec 

0 20 

0 10 

0.10 

0.15 

Total nitrogen in precipitate from 1.0 cc. of anti- 

0 161 

0.187 

0.130 

0.408 

Less correction for nitrogen of polysaccharide in 
immune precipitate (estimated on basis of 75 
per cent of that added), mg. 

0.008 

0.004 

0.004 

0.006 

Net protein nitrogen in precipitate, mg. per cc.. . . 

0.153 

99.4 

0.183 

100.0 

0.126 

89.3 

0.402 

90.3 




It will be noted that the determined figures have been corrected for the 
amount of polysaccharide nitrogen probably present in the precipitate. It is 
assumed on the basis of results with whole serum that approximately 75 per 
cent of the added polysaccharide is combined in the immune precipitate in the 
range of maximum precipitation. The figures show that preparations of the E 
antibody have been obtained in a state of complete precipitability with the 
specific polysaccharide, that is, immunological purity. With the P antibody, 
on the other hand, no preparation has been obtained which is completely prc- 
cipitable upon the addition of the specific polysaccharide. It is not as yet 
certain whether these latter preparations should be regarded as impure or 
whether a solubility coefficient must be considered. In view of the more soluble 
nature of the P antibody itself it would not be surprising if the antigen-anti- 
body complex formed from it were also more soluble. 

Lipid Content . — Analyses for lipid carbon and lipid phosphorus, carried out 
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by the method of Kirk, Page, and Van Slyke (7), gave the following infor- 
mation, 


Antibody 

Total lipid, rag . p« mg, of protein 

Phosphatide, per cent of total lipid 

E 

• 0.044 

22.5 

P 

0.034 

12.5 


If the antibody is regarded as a protein-lipid complex containing the deter- 
mined amount of lipid, one obtains the following per cent content. E, 4.22 
per cent; P, 3.29 per cent. It is of interest to note that these figures are in 
dose agreement with those obtained in previous studies on the relation of the 
phospholipids to the reactivity of immune sera (8). 

If one assumes that the antibody proteins are built up of units of molecular 
weight approximating 34,500 it is easily calculated that in the E antibody there 

TABLE IV 


Mouse Protective Potencies of Antibody Preparations 



Antibody E 
Preparation 2 

Antibody P 
Preparation 1 

Dilution end-point 

1-21.2 

1-2.9 

Mouse protective units per cc. (simultaneous titration of 
standard (1000 units per cc.) = 1-75) | 

283 

39 

Maximum specifically precipitable nitrogen (corrected for 
polysaccharide nitrogen) mg. per cc | 

0.183 

0.126 

Mouse protective units per mg. of specifically precipitable ( 
nitrogen 

1550 

230 



is one phosphatide molecule (m.w. 778) for every two protein units. With the 
P antibody the result is one molecule of phosphatide per 5 protein units. In 
order to determine if the phosphatide were lecithin or cephalin, the antibody 
preparations were analyzed for the presence of lipid-amino-nitrogen. None 
was detectable in either the P or the E antibody solutions. The inference is 
therefore that the phosphatide in both instances is lerithin. 

It cannot be absolutely stated that the specific antibodies in immune horse 
serum are lipoproteins although the present results as well as those previously 
obtained strongly support this view. Furthermore the finding that lecithin is 
closely associated. with both the P and the E antibody confirms the results of 
previous qualitative tests in which it was found that the in vitro reactivity of 
lipid-extracted antipneumococcus horse serum could be restored by the addition 
of very small amounts of lerithin (8). This additional evidence lends further 
support to the view that the type specific antibodies of antipneumococcus horse 
serum are lecithoproteins. 
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Mouse Protective Potencies . — Mouse protective titrations have been carried 
out by the method outlined in a previous paper (2), one set of data so obtained 
for each antibody preparation is summarized in Table IV. 

The results show marked differences in the mouse protective potencies of 
the two antibodies. The more avid antibody, P, possessed only 230 mouse 
protective units per mg. of specifically precipitable nitrogen, while E gave re- 
sults indicating 1550 units per mg. 

By reference to Table II and Text-fig. 1 of the previous paper (Paper II 
of this series (1)) it will be noted that the first antibody precipitated on im- 
munological fractionation contained approximately 500 protective units per mg. 
of specifically precipitable nitrogen. In view of the present findings this frac- 
tion may be regarded as a mixture of the P and the E antibody although con- 
sisting largely of the former. The fractions designated as 3 and 4 in the pre- 
ceding paper are considered to represent almost pure E antibody since the 
protective ratio of these fractions was practically identical with that of the 
isolated form. 

Immunochemical Fractionation of Antipneumococcus Rabbit Serum 

Somewhat similar procedures have also been applied to antipneu- 
mococcus rabbit serum but the work has not progressed to the point 
which warrants definitive conclusions. 

Since the specific antibodies of antipneumococcus rabbit serum are not - 
precipitated when the serum is diluted with water, it has not been possible to 
eliminate much of the inert material by this initial step. It has been necessary, 
therefore, to obtain the immune precipitates with the serum directly and in 
order to approach purity it has been necessary to repeat this procedure with 
antibody solutions. Consequently the recovery of antibody from rabbit serum 
has been low and the lack of material has precluded a systematic analysis. 

However, on the basis of the experimental data available certain tentative 
statements may be made. 

It has not been possible to recover from immune rabbit serum a water-soluble 
antibody corresponding to the so called P antibody of immune horse serum. 
The active material recovered has been water-insoluble, thus corresponding to 
the E antibody of horse serum. No claim for immunological purity of this sub- 
stance can be made on the basis of the few analyses performed but it appears 
to be at least 85 per cent precipitable by the specific capsular polysaccharide. 
The mouse protective potency of the E antibody of immune rabbit serum is 
high, approximately 1100 units per mg. of specifically precipitable nitrogen. 

These tentative findings are in complete accord with the results of 
immunological fractionation experiments presented in the previous paper of this 
series (1). 
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SUMMARY AND DISCUSSION 

The immunological fractionation of Type I antipneumococcus horse 
serum, reported in the preceding paper of this series, indicated the 
existence of at least three forms of type specific antibody (1). This 
is the simplest interpretation of the results although it is possible 
that there exists a long series of closely related forms of antibody. 
Immunochemical fractionation, as reported in the present paper, 
indicates the existence of at least two distinct forms, the third not 
being demonstrable by the method employed since it is precipitated 
only with excess antigen. The three postulated forms of antibody 
of antipneumococcus horse serum together with certain of their proper- 
ties may be briefly summarized as follows: 

1. The So Called P Antibody. — Water-soluble (except at isoelectric point 
pH 7.6), pseudoglobulin-like substance (probably a lecithoprotcin) which is pre- 
cipitated from solution by the addition of small amounts of specific polysacchar- 
ide. Its specificity is not absolute and its capacity to protect mice is low 
(230 units per mg. of specifically precipitable nitrogen). 

Z. The So Called E Antibody. — Water-insoluble, euglobulin-like substance 
(probably a lccithoprotein) with low specific combining ratio. This antibody 
has been isolated in a state of immunological purity. Its capacity to protect 
mice is very high. 

3. A Third Antibody Form . — Chemical properties are unknown since it has 
not been isolated. From immunological studies its existencemaybepostulated. 
Relatively large amounts of specific polysaccharide are requiredforitsprecipita- 
tion and the present evidence indicates a very low mouse protective capacity. 

With antipneumococcus rabbit serum the evidence points to the 
existence of not more than two antibody forms. The first comprises 
a large proportion of the total specific antibody and in most of its 
properties it corresponds to the E antibody of immune horse serum. 
It has a high mouse protective value. The existence of a second 
form of antibody (corresponding to the third of horse serum) was not 
conclusively demonstrated by immunological experiments, but the 
fact that the last fraction of antibody precipitated from rabbit serum 
upon the addition of the specific polysaccharide had a somewhat lower 
protective value may indicate that in the rabbit serum as in that from 
the horse there is a final form, possibly representing degraded material, 
with lower protective value. These experiments offer evidence that 
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the injection of a complex antigen, the Pneumococcus, gives rise in 
certain animals to more than one form of antibody reactive with the 
type specific capsular polysaccharide. No explanation for this fact 
is now available. 

It is possible that in immune serum some form of equilibrium may 
exist between the various antibody forms, this equilibrium being con- 
ditioned by secondary components, as for example lipids. This last 
thesis would require that the two major antibody forms in anti- 
pneumococcus horse sera should be interconvertable, that is, it should 
be possible to derive the P form from the E. As yet there is no 
experimental justification for this point of view. 

CONCLUSIONS 

Immunological and immunochemical fractionation of Type I anti- 
pneumococcus horse and rabbit sera have demonstrated the existence 
of several forms of immune protein, each fraction behaving as a type 
specific antibody, but differing from the others in chemical and im- 
munological properties. 
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In a recent paper on the permeability ol the lungs to antibodies, 
Fox (1936) has summarized the literature upon the subject and makes 
it clear both from his own experiments and from those of others that 
antibodies of “different types contained in foreign or homologous 
serum appear in the blood stream but slowly after intratracheal in- 
jection” and that sterile inflammation of the lungs did not affect this 
result. Fox made no effort to identify the possible routes of absorp- 
tion whether directly into the blood or via the lymphatics, though he 
assumes the blood route was the one selected and our experiments 
show this to be correct. His procedure consisted in intratracheal 
injections of immune sera in rabbits with sampling of the blood begin- 
ning shortly after the injection and continuing for as long as S days. 

The experiments described below had as their objectives the deter- 
mination of the route, whether lymphatic or vascular, by which pas- 
sage of various species of proteins from the pulmonary alveoli was 
effected, and the rapidity with which these substances which varied 
in molecular size emigrated from the pulmonary site to the blood and 
lymph systems. As experimental animals dogs were selected since 
in them it is readily possible to tie off the lymphatic entrances into the 
right subclavian vein. If then the thoracic duct is cannulated the 
lymph drainage of the lungs has been excluded from entrance into the 
blood, and if samples of thoracic duct lymph and blood are titrated 
for the presence of foreign protein one can discover the pathway of 
absorption, whether it be across the alveolar wall and into the blood 
capillaries or by the lymphatic route to the root of the lung and the 
thoracic duct. 
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Materials and Methods 

Dogs anesthetized by intravenous or intraperitoneal injections of barbital- 
sodium, 0.35 gm. per kilo, were used in all experiments. Animals so anesthetized 
will often live for several days if given fluid and kept warm, and in most of them 
blood pressure and general conditions are excellent for 30 hours, a period quite 
long enough to satisfy the needs of the experiments to be described. In prepara- 
tion for the experiment the thoracic duct was isolated and tied, care being taken 
to search for branches making separate entrance into the subclavian vein, since, 
if lymphatic absorption occurred, such branches would cause contamination of the 
blood. Through a second incision all lymphatics entering the right subclavian 
vein were ligatured. The situation so produced probably results in diverting the 
lymph drainage of the right lung to the thoracic duct, since Baum (1918) has 
shown that in the dog the lymphatics from the two sides communicate quite 
freely as they reach the tracheobronchial lymph nodes. In any event the arrange- 
ment will provide all the lymph leaving the left lung, and in all experiments effort 
was made to deposit the solutions used upon that side. While in most cases the 
left side was shown at autopsy to contain far the larger part of the injected ma- 
terial, some of the solution invariably reached the right lung. 

Following the two operations upon the lymphatics the trachea was cannulated 
and in some instances preparations made to take blood pressure, and in one case to 
perform plasmapheresis. To introduce the solutions into the lungs, the board 
■was elevated at the head end and a long glass catheter with a sb'ght bend at the 
end to assist entrance into the left bronchus was inserted slowly and without 
disturbance to the animal. The amounts of solution injected varied in different 
animals from 20 to 50 cc. Usually they were run in at a single injection, the rate 
being slowed if respiration became active, and the elevated position maintained 
for about an hour. The animals were killed by bleeding and an autopsy per- 
formed at once. Sections of the parts of the lungs containing solutions as well 
as from the tracheobronchial lymph nodes were made for microscopic examination. 

Precipitating sera were obtained from rabbits injected intravenously with 
normal horse serum, crystallized egg white, and crystallized horse hemoglobin. 
Horse serum, obtained from a single bleeding of one animal, was used for prepara- 
tion of the antiserum and for the intratracheal injections. This anti-horse-rabbit 
serum exhibited a titre of 1:10,000 to 1:14,000. The egg white and hemoglobin 
were crystallized, the first by the method of Sorensen (1917) and the second by 
the method of Green (1931). The egg albumin antiserum had a titre of 1 :30,000 
and the crystallized hemoglobin of 1:500. Serum and lymph titrations were 
begun at one-half dilution and continued through various dilutions. The pre- 
cipitin tests were carried out by means of the ring technique using undilutedanti- 
serum. Readings were taken at the end of 1 hour’s incubation at room 
temperature. Physiological salt solution was used to dilute blood serum and 
lymph under examination for egg white and hemoglobin antibodies, but 1.5 per 
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cent salt solution proved more satisfactory in the case of these fluids derived from 
.the dogs receiving intrabronchial administration of horse serum; Controls 
included the titration of the dog blood and lymph before injection as well as the 
usual saline control. 


EXPERIMENTS 

Experiment L Intratracheal Horse Scrum. — Jan. 28, 1937. Dog weighing 7.7 
kilos. 10:15 a.m. 25 cc. of 10 per cent barbital-sodium solution intravenously. 
11:45. Thoracic duct cannulated. Lymphatic entrances on right ligatured. 
Trachea cannulated. 

11;50. Lymph specimen 1 (control). 

12:00. Blood specimen 1 (control). 200 cc. physiological saline intraven- 
ously. 12:10 p.m. 15 cc. oj horse scrum plus 2.5 cc. graphite suspension injected 


TABLE I 

Titration of Blood Samples with Anti-Horse-Rabbit Serum. Dog 1 


Time 

Sped- 

Antiserum dilutions 

Saline 

control 

Time after intratracheal 
injection of horse serum 


1:3 

1:6 

1:12 


1 

0 

0 

0 

D 

Control specimen 

4:15 p.m 

2 

Kl 

0 

0 

0 

4 hrs. and 5 min. 

10:45 p.m 

3 

0 

0 

0 

0 

10 hrs. and 35 min. 

8:40 a.m 

4 

++ 

+ 

Trace 

0 

20 hrs. and 30 min. 


5 

++ 

+ 

Trace 

0 

24 hrs. and 5 min. 


intrairacheally. 12:15. Rectal temperature 100.1°F. 12:25. 15 cc. of horse 
serum plus 2.5 cc. graphite suspension injected intrairacheally. 

4:15. Rectal temperature 97.2°F. Lymph specimen 2. Blood specimen 2. 
4:35. 60 cc. 20 per cent glucose solution plus 180 cc. of water by stomach tube. 

10:45. Lymph specimen 3. Blood specimen 3. 10:50. Rectal tempera- 
ture 96.6°F. 50 cc. water by stomach tube. 

Jan. 29. 8:40 a.m. Lymph specimen 4. Blood specimen 4. 9:05. Rectal 
temperature 96.3°F. 9:10. 100 cc. physiological saline intravenously. Lymph 
flowing well. 12:05 p.m. Rectal temperature 95.2°F. 

12:15. Lymph specimen 5. Blood specimen 5. 12:20. Bled to death. 
Blood flowed well indicating a fairly high blood pressure. Duration of experiment 
from the time of the first injection of horse serum 24 hours and 10 minutes. 

Autopsy. Practically all of the graphite colored injection was in the right 
lower lobe, only a trace having reached the left lung. Microscopic sections of 
blocks of the right lung taken from serum-containing areas showed much pink 
stained serum in the alveoli and many particles of graphite both free andinphago- 
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cytes. There was no perceptible accumulation of graphite in lymphatics. Tra- 
cheobronchial lymph nodes showed no accumulation of serum or graphite in the 
sinuses. 

Table I shows the results of serological examination of the blood. Similar 
examinations of lymph were all negative. 

Summary of Experiment 1 . — In this case only a small fraction of the 
injected serum reached the left lung, which is in the main line of lymph 
drainage in the preparation employed. After 10 hours and 35 minutes 
no horse protein could be detected in the blood. There followed an 
interval of 9 hours and 55 minutes, and then the foreign protein was 
found in the blood. Lymph was consistently negative. The con- 
clusion appears unescapable that the horse protein passed through 
the pulmonary epithelium and directly into the blood capillaries. 

Experiment 2. Intratracheal Horse Serum. — Jan. 19, 1937. Dog weighing 
13.5 kilos. Anesthesia and preparations as in Experiment 1. 3:30-3:45 p.m. 
30 cc. horse serum plus a small amount of trypan blue intralracheally. 

Jan. 20. 10:00 a.m. Animal bled to death. 

Autopsy. — The serum and trypan blue were distributed in both lower lobes, 
which were dark red and solid. The left side on cross-section contained some- 
what more. Microscopical examination showed much intra-alveolar serum with 
many polymorphonuclear leucocytes scattered through it. The tracheobronchial 
lymph node sections were normal. 

Tables II and III show the results of serological examination. 

Summary of Experiment 2 . — In dog 2 a large part of the injected 
serum reached the left lung. Horse protein was found in blood and 
lymph 17 hours and 5 minutes after intratracheal injection, but the 
concentration was greater in the blood. This result was obtained on 
other occasions, and in our opinion expresses the fact that after foreign 
protein accumulates in the blood one may expect transfer of it to the 
thoracic duct lymph in the abdominal region, where both in the liver 
and intestine capillary permeability to protein is high. The rise in 
concentration in the lymph parallels that in the blood and is a fur- 
ther indication of natural transfer. 

Experiment 3. Intratracheal Horse Serum Followed by Plasmapheresis. — Mar. 
9, 1937. Dog weighing 13 kilos. Anesthesia and general preparations as in 
Experiment 1, with the addition of cannulation of the femoral artery and vein in 
preparation for plasmapheresis. 
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10:50 a.m. Plasmapheresis started and carried on until 3:15 p.m. when the 
blood protein was reduced from 7.6 per cent to 4.2 per cent. Under these circum- 
stances thoracic duct lymph flows very freely. 3 :35 p.m. 35 cc. of horse serum 
were given intratracheally. This serum contained 6.6 per cent protein. Speci- 
mens of lymph and blood were taken for 3 hours and 10 minutes. None contained 
detectable amounts of horse protein. 


TABLE n 

Titration oj Blood Samples with Anti -Horse- Rabbit Serum. Dog 2 


Time 

Sped- 
i nets 

Antiserum dilutions 

Saline 

control 

Time after intratracheal 
injection of horse serum 

l' :, l 

1:4 

1:8 

1:16 

1:32 

3:15 p.m 

1 

m 

! 0 

0 

0 


n 

Control specimen 

10:00 pm 

2 

0 

O 

0 

0 



6 hrs. and 30 min. 

8:35 a.m 

3 

+ 

+ 

0 

0 



17 hrs. and 5 min. 

12:00 noon 

4 

+ 

+ 

+ 

0 



20 hrs. and 30 min. 

3:45 p.m 

5 


+ 

+ 

0 1 

Q 

i 

24 hrs. and 15 min. 

9:50 p.m 

6 

++ 

++ 

+ 


O 


30 hrs. and 10 min. 


TABLE III 

Titration of Lymph Samples with Anti-Horse- Rabbit Serum. Dog 2 


Tune 

Speci- 

men 

Antiserum dilutions 

Saline 

control 

Time after intratracheal 
injection of horse serum 

V 

1:2 

l:> 

1:6 

1:12 

3:10 p.m 

1 

m 

0 


0 

0 


Control specimen 

10:00 p.m 

2 

o 



0 

Si 


6 hrs. and 30 min. 

8:35 a.m 

3 

+ 

Trace? 


0 

Q 


17 hrs. and 5 min. 

12:00 noon 

* 

++ 

+ 

+ 

0 

□ 


20 hrs. and 30 min. 

3:45 p.m 

5 

++ 

++ 

+ 

0 

0 


24 hrs. and 15 min. 

9:50 p.m, 

6 

++ 

++ 

+ 

+ 

0 


30 hrs. and 10 min. 


Summary of Experiment 3 . — In this case neither the rapid flow of 
lymph nor the fact that the intra-alveolar protein had a higher con- 
centration than the blood protein of the dog had any marked effect 
on absorption from the alveoli. Had the experiment continued longer 
some acceleration might have been observed, but since at the close of 
the experiment the blood protein had risen to 6.5 per cent it is improb- 
able that the result would have differed greatly from that observed 
in Experiments 1 and 2. 
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Experiment 4. Intratracheal Horse Serum in a Dog Sensitized to Horse Serum . — 
Jan. 25, 1937. Dog weighing 21 kilos. 50 cc. horse serum intravenously. 

Mar. 3. 10 cc. horse serum intravenously. 

Mar. 27 . Blood shows no horse protein. 

Mar. 30. 9:30 a.m. Anesthesia and preparations as in Experiment 1 plus 
cannulation of femoral artery for blood pressure measurements. 11:45. After 
taking control specimens, 30 cc. of horse serum were given intratrachcally. There 
was no increase in lymph flow, and blood pressure tracings taken during the next 
9 hours and 45 minutes showed no disturbance of any sort. 9:30 p.m. 10 cc. of 
horse serum were given intravenously to find out whether the animal was sensitized. 
This injection produced a slight fall in blood pressure and an enormous increase 
in lymph flow, — typical effect of anaphylactic shock in the dog (Petersen and 
Hughes, 1925). 

During this entire experiment no horse protein was found in blood or 
lymph. The animal was evidently sensitized but did not absorb 
enough horse protein from the alveolar reservoir to cause shock. 

Experiment 5. Intratracheal Horse Serum with a Forced Increase in Breathing . — 
Apr. 20, 1937. Dog weighing 11 kilos. In this case all preparations were as in 
Experiment 1 except that the animal was forced to rebreathe, thus greatly ac- 
celerating and deepening its respiration. Specimens of blood and lymph were 
taken during 5 hours and 25 minutes. No horse serum was detected in either 
fluid, and it is evident that even the most vigorous breathing has no effect on the 
absorption of horse protein. 

Experiment 6. Intratracheal Crystallized Hemoglobin. — Apr. 15, 1937. Dog 
weighing 14.5 kilos. Anesthesia and preparations as in Experiment 1. 10:35 
a.m. 25 cc. of 20 per cent hemoglobin solution injected intratrachcally. 

Apr. 16. 10:45 a.m. The dog was bled to death. At autopsy the injected 

hemoglobin was about equally divided between the right and left lower lobes. 
Microscopically the hemoglobin-containing portions of the lung show a large 
number of polymorphonuclear leucocytes. No concentration of hemoglobin m 
lymphatics or in the sinuses of the lymph nodes from the root of the lung can be 
detected. 

Table IV shows the results of serological examination of the blood. 13 hours 
and 28 minutes passed before hemoglobin was detected with certainty in the blood. 
Lymph titrated in a similar manner throughout the experiment never was shown 
to contain hemoglobin. 

Summary of Experiment 6 . — The absorption of hemoglobin is 
directly into the blood vessels and seems to be entirely similar to the 
absorption of horse serum protein. 

Experiment 7 . Intratracheal Crystallized Egg Albumin in Physiological Saline.-— 
Mar. 15, 1937. Dog weighing 1 7 kilos. Anesthesia and preparations as in Experi- 
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TABLE IV 


Titration of Blood' Samples with Anti-Hemoglobin-Rabbit Serum 


Time 

Sped- 

Antiserum dilutions 

Saline 

Time after intratracheal 
injection of hemoglobin 


1:2 

1:4 

1:6 



1 

0 

0 

0 

0 

Control specimen 


2 

0 

0 

0 

0 

1 hr. and 28 min. 


3 

0 

Trace 

0 

0 

3 hrs. and 35 min. 


4 

0 

Trace 

0 

0 

5 hrs. and 25 min. 


5 


0 

0 

0 

6 hrs. and 25 min. 


6 

0 

0 

Trace 

0 

9 hrs. and 25 min 


7 

4- 

0 

Trace 

0 

13 hrs. and 28 min. 


8 

+ 

+ 


0 

21 hrs. and 55 min. 


9 

4- 

+ 

+ 

0 

24 hrs. and 10 min. 








TABLE V 


Titration of Blood Samples with Anti-Egg- Albumin-Rabbit Scrum 


Time 

sped- 

men 

Antiserum dilutions 

Saline 

control 

Time after intratracheal 
injection of egg albumin 

1:2 


1:6 

1:8 

11:35 a.m 

1 

+ 

D 

0 

0 

0 

Control specimen 

1:45 p m 

2 

+ 

+ 

+ 

0 

0 

2 hrs. 

3:45 p.m 

3 

4*++ 

++ 

++ 

+ 

0 

4 hrs. 

4:55 p.m 

4 

++ 

++ 

+ 

++ 

0 

6 hrs. and 10 min. 

7:55 p.m 

5 

++ 

++ 

+ 

0 

0 

9 hrs. and 10 min. 


TABLE VI 

Titration of Lymph Samples with Anti-Egg- Albumin-Rabbit Scrum 


Time 

Sped- 

men 

Antiserum dilutions 

Saline 

control 

Time after intratracheal 
injection of egg albumin 



1:6 

1-8 

11:35 a.m 

i 

a 

n 

0 

0 

0 

Control specimen 

1:45 p.m 

2 


mm 

0 

0 

0 

2 hrs. 

3:45 p.m 

3 

+++ 

++ 

++ 

+ 

0 

4 hrs. 

4:55 p.m 

4 

+++ 

+++ 

++ 

++ 

0 

6 hrs. and 10 min. 

7:55 p.m 

5 

+++ 

+++ 

++ 

++ 

0 

9 hrs. and 10 min. 


ment 1 . 11:45. 39 cc. egg albumin solution given intratracheally. This solution 
contained approximately 6 per cent of egg albumin. No evidence of irritation. 

Mar. 16. Dog was found dead in the morning, the tracheal cannula being 
plugged with mucus and froth. 

Tables V and VI show the results of serological examinations. 
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Summary of Experiment 7 . — In this case absorption into the blood 
was prompt and appearance in the lymph soon follows. The some- 
what higher concentration of egg albumin in the lymph found late in 
the experiment occurred in another similar experiment and perhaps 
indicates some degree of absorption by the lung lymphatics, but in any 
event this was slight. 


DISCUSSION 

The results of these experiments were not at all in accord with our 
expectations. It is known that physiological salt solution is absorbed 
rapidly from the pulmonary alveoli and undoubtedly passes directly 
into the blood (Winternitz and Smith, 1920). In contrast to this 
direct route, particles of various sorts which reach the alveoli find 
their way into the lymphatics and are removed by the lymphatic 
route. It is generally thought that intra-alveolar phagocytosis is a 
necessary first step in removal of particulate material from the al- 
veoli, but many experiments have shown that particles so deposited 
reach the lymph nodes at the root of the lung far too rapidly to permit 
phagocytosis as a first step (Drinker and Field, 1933). It has also 
been shown that respiratory movements have an important influence 
upon particle absorption, it being extremely slow in a motionless lung 
(Shingu, 1908). By analogy with the fact that protein solutions in- 
jected subcutaneously are removed practically entirely by the lym- 
phatics and that this is true for such solutions when deposited in the 
serous cavities and in practically all parts of the body, it had been 
our belief that intra-alveolar protein would depart by the lymphatic 
route and in view of the results -with visible particles we were pre- 
pared to find this absorption rather rapid and accelerated by deep 
breathing. Neither of these expectations was realized. Absorption 
was exceedingly slow and of very small volume. It was directly 
into the blood vessels and the rate and volume of absorption were 
not affected by increase in breathing, by sensitization, or by reducing 
the concentration of the blood proteins by plasmapheresis. Horse 
serum and horse hemoglobin were absorbed very slowly and at about 
an equal rate. 

A great deal is known about the anatomy and histology of the 
lung lymphatics, but the reasons for their very extensive distribution 
are by no means clear. Owing to the fact that the blood pressure 
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in the pulmonary capillaries is probably much below the colloid 
osmotic pressure of the blood, a situation exists very favorable to 
the absorption of water by the blood capillaries, and this in turn is a 
favorable arrangement in an organ where gas transfer is preemi- 
nently important. Elsewhere in the body an important function of 
the lymphatics is to carry away blood proteins which have passed 
through the walls of the capillaries to become constituents of the 
tissue fluid, but in the lungs the situation does not favor tissue fluid 
production, and one is forced to believe that the very elaborate lym- 
phatic system described by Miller (1937) exists to function in the 
presence of infection, hemorrhage, foreign body deposition, in short 
against any process which results in the presence of foreign material 
in the lung tissue. In order to enter lung lymphatics it is essential 
to traverse a certain amount of lung tissue since lymphatic capil- 
laries do not extend past the alveolar ducts. Apparently particles 
of inorganic material and bacteria make this transit in the breathing 
lung, but fluids actually in the alveoli and appropriate to removal by 
the lymphatic route do not succeed in it. Even very vigorous 
breathing, which greatly accelerates the movement of intra-alveolar 
particles into the lymphatics, fails to bring about lymphatic absorp- 
tion of fluids. 


SUIOIARY 

Horse serum, crystallized hemoglobin, and crystallized egg albu- 
min have been injected into the lung alveoli of dogs in which the 
entrances of the right lymphatics have been tied and the thoracic 
duct cannulated. Samples of blood and lymph have been taken 
following this injection. Only after several hours in the case of 
the horse serum and hemoglobin have these proteins been detected 
by immunological methods and invariably they have appeared first 
in the blood. Egg albumin also enters the blood capillaries, but 
much more rapidly than the other two proteins, due probably to the 
smaller molecular size. 
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FURTHER OBSERVATIONS ON VITAMIN C THERAPY IN 
EXPERIMENTAL POLIOMYELITIS* 


By CLAUS W. JUNGEBLUT, M.D. 

(From the Department of Bacteriology, College of Physicians and Surgeons, Columbia 
University , New York) 

(Received for publication, June 29, 1937) 

We have previously presented data to show that the parenteral 
administration of natural vitamin C during the incubation period of 
poliomyelitis in experimentally infected monkeys is followed by a 
distinct change in the severity of the disease (1). This was indicated 
by the fact that among a total of 62 C-treated animals 19 survived 
without paralysis and 43 succumbed to the disease, while of a total of 
38 untreated control animals only 2 failed to develop paralysis and 
36 succumbed to the disease. It appeared therefore that about 30 
per cent of all monkeys which had received injections of ascorbic 
acid escaped paralysis as contrasted with approximately 5 per cent 
of non-paralytic survivors among the controls, a margin sufficiently 
large to admit of little possibility that the observed difference in 
severity of the disease could have been accidental. However, in view 
of the fact that the virus failed to produce paralysis in 100 per cent 
of the controls, suggesting that variations in natural resistance do 
occur among normal monkeys, it was considered advisable to repeat 
these experiments once more with a larger number of animals. There 
was also the need for further investigation of some essential details 
which had hitherto been studied only imperfectly. Most important 
of these was the question as to the effectiveness of C treatment at 
various intervals following infection and the establishment of an 
optimum dosage of ascorbic acid. It remained also to be determined 
whether or not synthetic vitamin C possessed resistance-enhancing 
properties similar to that of the natural preparation. 

* Aided by grants from The Rockefeller Foundation and the President’s 
Birthday Ball Commission for Infantile Paralysis Research. 
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Methods 

The present communication deals with observations based on a total of 282 
intracerebrally infected monkeys, treated at various intervals with various doses 
of vitamin C. Of these, 181 had received natural vitamin C and 101 either one 
of two different synthetic compounds, A total of 98 control monkeys, which 
were infected intracerebrally with corresponding amounts of virus and remained 
untreated, accompanied these tests. There is also included a group of 30 animals, 
infected by intranasal instillation of virus and treated with natural vitamin C, and 
15 similarly infected controls. The virus used for the intracerebral tests was the 
Aycock strain ■which had been employed in our previous work. For the nasal 
infection the Rockefeller mixed virus was used. 1 

The general technique followed closely that outlined in detail in a previous 
paper (1). Rhesus monkeys weighing from 2000 to 3000 gm. were injected intra- 
cerebrally wdth amounts of virus (Aycock strain) ranging from 0.01 to 0.1 cc. (1 cc. 
of a 1 : 100 to 1 : 10 dilution) of a 10 per cent suspension. The intranasal infection 
was accomplished by instilling 1 cc. of a 5 per cent suspension of virus (R. M. V.) 
into each nostril and repeating this procedure 4 hours later. The treated animals 
received daily subcutaneous injections of vitamin C, the dosage varying from 5 to 
100 mg., for a period of 2 weeks. Three different preparations of crystalline vita- 
min C were used in these tests. The first was a product extracted from natural 
sources (Merck), the second and third were synthetic preparations manufactured 
by either Merck and Company or Hoffmann-La Roche. Although all three 
preparations gave the identical reduction values for /-ascorbic acid with the indo- 
phenol reagent, they looked slightly different as far as the texture and color of the 
individual batches were concerned. The natural product, moreover, was said to 
contain approximately 2.5 per cent of unidentified impurities absent in either of 
the synthetic preparations. 2 

A total of twelve different series rvere run, ten of which represented intracerebral 
and two intranasal tests. The number of treated animals in each series varied 
from 10 to 49, the number of accompanying controls from 5 to 20. In some of 
these series different C products were used side by side in order to secure more 
strictly comparable data. The time at which vitamin C was first administered 
covered a range extending from the 1st to the 5th day of the infection, i.e., until 
shortly before the onset of paralytic symptoms. All animals were carefully ob- 
served and a daily temperature record maintained for a period of from 3 to 4 
weeks. In case of paralysis or death, an autopsy was made and the diagnosis 
confirmed by histological examination of the cord. Some of the surviving animals 

1 This virus was kindly given to us by Dr. Albert B. Sabin of The Rockefeller 
Institute. 

2 We are indebted to Merck and Company for their cooperation in plating at 
our disposal generous amounts of their vitamin C preparations. 
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Vitamin C Therapy in Experimental Poliomyelitis 


2 Nov. 17 O.Ol Natural (Merck) 



3 I Dec. 7 0.1 Synthetic (Merck) 


4 Jan. 16 0.05 Synthetic (Merck) 


5 Feb. 4 I M I Natural (Merck) 
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TABLE I — Concluded 


Series 

Date 

Amount of virus 

Vitamin C 

-a o 

ti 

e o L 

^ 2 c 
E 

.§6‘? 

Dose 

Number of animals 

Results 

Typical 

paralysis 

Atypical 

paralysis* 

.a 

£ 

s 

D> 

& 





day of 



Hi 

■ 



1937 

cc. 


ttifec- 

mg. 









tton 






5 

Feb. 4 

mk 

Natural (Merck) 

13 

Kg 


■ 

2 

2 




tt tt 




i 


2 



it 

Synthetic (Hoffmann-La Roche) 

1st 

5 


■ 


2 



<< 

it it 

1st 

25 


Kt 


0 



tt 

— 

— 

— 

ii 

s| 


0 

6 

Feb. 25 

tt 

Natural (Merck) 

5th 

25 

5 

1 


1 



it 

tt tt 

5th 

50 

5 

3 

1 

1 



it 


3rd 

5 

5 

3 


2 



it 

it tt 

3rd 

25 

5 

4 


1 



it 

— 

— 

— 

8 

8 


0 

7 

Mar. 22 

it 

Synthetic (Hoffmann-La Roche) 

5th 

5 

5 

3 

2 

0 



tt 

tt It 

5th 

25 

5 

4 

0 

1 



tt 

ft tt 

5th 

fff?] 

5 

4 

0 

1 



tt 

ti ti 

5th 

■Bill 

4 

3 

1 

0 



tt 

— 

— 

— 

5 

5 

0 

0 

8 

Mar. 23 


Natural (Merck) 

3rd 

■ 


6 

1 

3 



tt 

ti it 

3rd 

25 


8 

0 

2 



tt 

— 

— 

H 


9 

1 

0 

9 

Apr. 26 

0.05 

Natural (Merck) 

1st 

5 

15 

12 

0 

3 



tt 

(I tt 

1st 

25 

9 

6 

0 

3 



tt 

it ft 

2nd 

25 


6 

1 

3 



tt 

it ft 

3rd 

25 

6 

5 

0 

1 



tt 

tt it 

5th 

5 

4 

3 

0 

1 



it 

tt tt 

5th 

mi 

5 

4 

0 

1 



tt 

— 

— 

— 


9 

0 

1 

10 

May 24 

ti 

Natural (Merck) 

2nd 

25 


I 

0 

3 



it 

— 

— 

HI 

Hi 

Hi 

0 

0 


were sacrificed, beginning with the 24th day, and their tissues examined for 
vitamin C content, others were kept until the termination of 1 to li months. 


3 The results of the vitamin C titrations will be found in another paper (2). 
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The protocols of the individual series are given in Table I. A summary in which 
all intracerebrally infected animals are grouped together according to the kind 
and amount of vitamin C used will be found in Table II, while Table III lists the 
results obtained with treatment begun on different days of the infection. Table 
IV brings together the results obtained in the two intranasal series. 

RESULTS 

A study of Table I shows that in every one of the ten series, ir- 
respective of the size of the infecting dose of virus, a definite though 
variable number of C-treated animals escaped paralysis. 1 Similar 
survivals among accompanying untreated controls occurred only in 
three series, two of the latter representing animals which had been 
infected with the smallest amount of virus, i.e., 0.02 and 0.01 cc., 
respectively. While there can therefore be no doubt that the absence 
of paralysis among C-treated animals was clearly significant in at 
least seven series in which all corresponding controls succumbed to the 
disease, the percentage of non-paralytic survivors in the three re- 
maining series was considerably higher among the treated animals 
than among the controls. Thus, in series 1 we have surviving with- 
out paralysis 16 (59.2 per cent) of 27 treated animals against 3 (33.3 
per cent) of 9 controls, in series 2, 11 (42.3 per cent) of 26 treated 
animals against 1 (12.5 per cent) of 8 controls, and in series 9, 12 (24.4 
per cent) of 49 treated animals against 1 (10 per cent) of 10 controls. 
Obviously, the lighter infection favored the occurrence of non- 
paralytic survivors among both treated and untreated animals alike, 
but to a dissimilar extent. 

Important differences in the efficacy of the natural and synthetic 
vitamin C preparations are revealed by Table II. Among a total of 
181 infected monkeys, which had been treated with natural vitamin 
C, 58 (32 per cent) survived without paralysis, 16 (8.8 per cent) 
developed an atypical attack of poliomyelitis (incubation period longer 
than 2 weeks), and 107 (59.1 per cent) succumbed to the disease 
in typical fashion. On the other hand, among a total of 101 in- 

1 It should be pointed out that a majority of the non-paralytic survivors pass 
through a distinct fever cycle during the infection, resembling an abortive attack 
of poliomyelitis, and that there are very few animals in which no rise in tempera- 
ture is noted at any time. 
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fected monkeys which had been treated with synthetic vitamin C 
(Hoffmann-La Roche or Merck), 11 (10.8 per cent) survived without 
paralysis, 14 (13.8 per cent) showed an atypical attack of poliomye- 
litis, and 76 (75.2 per cent) succumbed to the disease in a typical man- 
ner. The above figures should be compared with the results obtained 
with control animals infected with the same amounts of virus which 
remained untreated. Of a total of 98 controls 5 (5.1 per cent) failed 
to show any paralysis, 2 (2 per cent) developed poliomyelitis after a 

table n 


Comparison of the Effect of Natural and Synthetic Vitamin C in Experimental 

Poliomyelitis 


Preparation of 
vitamin C 

O 

O 

Q 

Number of 
animals 

Result 

Typical paralysis 
(incubation 1 to 14 
days) 

Atypical paralysis 
(incubation over 14 
days) 

No paralysis 


ms. 





Natural 


10 

7 (70 per cent) 

0 (0 per cent) 

3 (30 per cent) 

(Merck) 

50 

10 

4 (40 “ “ ) 

3 (30 “ . “ ) 

3 (30 “ “ ) 


25 

82 

51 (62.1 “ “ ) 

5 (6 “ “ ) 

26 (31.7 “ " ) 


5 

79 

45 (56.9 “ “ ) 

8 (10.1 “ " ) 

26 (32.9 “ “ ) 



181 

107 (59 . 1 per cent) 

16 (8.8 per cent) 

58 (32 per cent) 

Synthetic 

BBS 

4 

3 (75 per cent) 

1 (25 per cent) 

0 (0 per cent) 

(Merck or 

50 

15 

12 (80 “ “ ) 

1 (6.6 “ “ ) 

2 (13.3 “ “ ) 

Hoffmann- 

25 

15 

13 (86.6 “ “ ) 

0 (0 “ “ ) 

2 (13.3 “ “ ) 

La Roche) 

5 

67 

48 (71.6 “ “ ) 

12 (17.6 " “ ) 

‘ 7 (10.4 “ " ) 



101 

76 (75.2 per cent) 

14 (13.8 per cent) 

11 (10.8 per cent) 

Controls (un- 

— 

98 

91 (92 . 8 per cent) 

2 (2 per cent) 


treated) 





wtmm 


prolonged incubation period, and 91 (92.8 per cent) succumbed to 
typical paralysis. 

It is therefore evident that the percentage of non-paralytic sur- 
vivors following treatment with natural vitamin C was about six 
times as large as that of the untreated controls. In the animals 
treated with synthetic vitamin C this percentage was only twice 
that of the controls. In both treated groups the percentage of ani- 
mals developing atypical paralysis was approximately the same, 
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between 5 and 6 times as large as that observed among controls. How- 
ever the difference between the two treated groups is again clearly 
demonstrated by the fact that treatment with natural vitamin C 
had reduced the incidence of typical paralysis by about one-third as 
compared with the controls (from 92.8 to 59.1 per cent), while the re- 
Monkey 



Days of incubation period 


■■ Duration of vitamin C administration. 

E3 Interval between C administration and on- 
set of paralysis. C.P-Complete paralysis 
a Day of paralysis. RR-Partia! paralysis 

Chart 1 . Delayed paralysis in C-treated monkeys. 

duction for the two synthetic preparations combined was less than 
one-fifth (from 92.8 to 75.2 per cent). 

Detailed data concerning the delayed onset of paralysis in a total 
of 30 C-treated monkeys are given in Chart 1. It will be noted that 
the incubation period in these animals extended from a minimum of 
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15 days to a maximum of 47 days. Although these animals carried 
live virus in the central nervous system for long periods of time, there 
was no immunizing effect from such a carrier state as indicated by the 
fact that a majority developed eventually severe prostrating paralysis. 

The figures given in Table II, even though listed according to dos- 
age of vitamin C, do not lend themselves readily to a fair evaluation 
of the relative efficacy of different amounts of vitamin C since treat- 
ment with such doses was begun on various days of the disease. 
Caution should therefore be used in their interpretation. As they 
stand, however, there is very little difference in the percentage of non- 
paralytic survivors among the several groups treated with different 
amounts of natural vitamin C, the figures running from 30 per cent 
to 32.9 per cent. A similar uniformity may be observed in the re- 
sults obtained following treatment with synthetic vitamin C, ex- 
cept that the figures for all doses are consistently lower, ranging from 
0 per cent in a small group of 4 animals treated with 100 mg. to be- 
tween 10.4 per cent and 13.3 per cent for the remaining groups. 

A detailed analysis of our data according to the kind of vitamin C 
used, dosage employed and day of first administration is given in 
Table III. It becomes at once apparent that the number of animals 
in some of the subdivisions, particularly with the synthetic prepara- 
tions, is too small to allow of a fair interpretation. However it 
would seem that the administration of 5 or 25 mg. of natural vitamin 
C, begun on the day of infection, produces about the same result, 
i.e., between 22.5 per cent and 25 per cent of the animals surviving 
without paralysis. When the first administration of vitamin C is 
delayed until the 2nd and 3rd day of the infection, considerably higher 
percentages of non-paralytic survivors are observed, especially among 
the animals injected with 5 mg. Thus it would appear that between 
41.6 per cent and 48 per cent of the animals treated with 5 mg. and 
between 34.6 per cent and 38.4 per cent of those treated with 25 mg. 
of vitamin C escape paralysis at that time. We are rather inclined 
to the belief that the seemingly better figures are more apparent 
than real and do not indicate a real improvement of C treatment 
at the later stages of the disease. It should be remembered that a 
great portion of the animals listed in these two categories were taken 
from series 1 and 2 in which very small doses of virus were used, 
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resulting in an abnormally high accumulation of non-paralytic sur- 
vivors among both treated animals and controls. If an allowance 
were made for this fact and the figures brought into accord with those 
of the other categories, the percentage of non-paralytic survivors 
among animals treated at this time would not materially exceed 30 
per cent to 35 per cent. However there would still remain a slight 
advantage in favor of the animals treated with 5 mg. over those 
treated with 25 mg. More conclusive results are obtained with 
animals in which vitamin C treatment was not begun until the 5th 
day of the disease. At this time distinctly larger doses of vitamin C 
are apparently required to obtain significant results. Thus the per- 
centage of non-paralytic survivors increases progressively from 11.1 
per cent (5 mg.) to 20 per cent (25 mg.), and reaches a maximum of 
30 per cent when doses of 50 to 100 mg. are used. 

Much less regular results are observed in animals treated with the 
two synthetic preparations, due, in part at least, to the small number 
of animals in some of the subdivisions. However, here again it 
would seem that better figures are obtained with animals treated on 
the 3rd day of the disease (about 20 per cent) than with those in 
which treatment was begun on the day of infection (0 to 5 per cent). 
While the percentage of non-paralytic survivors shows also a tendency 
to drop when treatment is delayed until the 5th day of the disease, 
there is no unmistakable correlation to the size of the dose employed. 

In comparing the results obtained with natural and with synthetic 
vitamin C it can safely be stated that, irrespective of the interval 
that had elapsed since infection, the percentage of non-paralytic 
survivors among animals treated with natural vitamin C, dose for 
dose, is distinctly higher than that observed for animals which had 
received either of the two synthetic preparations. Good results can 
still be obtained with natural vitamin C until the 3rd day, and fair 
results, with adequate dosage, on the 5th day of the disease. Treat- 
ment with synthetic vitamin C, on the other hand, is so irregular, on 
the whole, and so inefficient that it is doubtful whether the data will 
bear critical examination, except for the suggestion of a slight reduc- 
tion in the severity of the disease as compared with untreated con- 
trols. 

We have run only two series in which the effect of natural vitamin 
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C was studied on the course of experimental poliomyelitis induced by 
nasal instillation of the virus. In all animals treatment was begun 

TABLE III 

Effect of Various Doses of Natural and Synthetic Vitamin C When Administered 


on Different Days of Infection 


Preparation 
of vitamin C 

Day of^ 
infection 

Dose 

o * 

.a Jj 
E'c 
3 c3 

Result 

Typical paralysis 
(incubation 1 to 14 
days) 

Atypical paralysis 
(incubation over 14 
days) 

No paralysis 



mg. 





Natural 

1st 

5 

31 

22 

2 

7 (22.5 per cent) 

(Merck) 


25 

20 

13 

2 

5 (25 “ “ ) 


2nd 

5 

B 

6 

1 

5 (41.6 " " ) 



25 

I 

16 

1 

9 (34.6 “ “ ) 


3rd 

5 

27 

11 

3 

13 (48 “ “ ) 



25 

26 

15 

1 

10 (38.4 " “ ) 


5th 

5 

9 

6 

2 

1 (11.1 " " ) 



25 

E 

7 

1 

2 (20 " " ) 



50 

IS 

4 

3 

3 (30 “ " ) 



fM 

10 

7 

0 

3 (30 “ " ) 




181 

107 (59. 1 per cent) 

16 (8.8 per cent) 

58 (32 per cent) 

Synthetic 

1st 

5 

20 

15 

3 

2 (5 per cent) 

(Merck 


25 

5 

5 

0 

0 (0 “ " ) 

or Hoff- 







mann-La 

3rd 

5 

21 

14 

3 

4 (19 “ “ ) 

Roche) 


25 

5 

4 

0 

1 (20 “ " ) 


4th 

5 

26 

19 

6 

1 (3.8 " " ) 


and 

25 

5 

4 

0 

1 (20 " " ) 


5th 

50 

15 

12 

1 

2 (13.3 “ “ ) . 



100 

4 

3 

1 

0 (0 “ “ ) 




101 

76 (75.2 per cent) 

14 (13.8 per cent) 

11 ( 10.8 per cent) 

Controls 



98 

91 (92.8 per cent) 

2 (2 per cent) 

5 (5.1 percent) 

(untreated) 








on the day of infection and maintained, as usual, for a period of 2 
weeks. The results are given in Table IV. It will be noted that al 
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10 animals injected with 5 mg. of vitamin C succumbed to the dis- 
ease, as did 9 of 10 animals injected with 25 mg. On the other hand, 
there were 9 animals that escaped paralysis among a group of 10 
monkeys which had received doses of 50 to 100 mg. of vitamin C. 
Since all of the 15 untreated controls which accompanied these tests 
developed paralysis, it would seem that very encouraging results 
may be obtained with vitamin C treatment in this type of infection, 
although much larger doses of ascorbic acid are evidently required 
than for intracerebral tests. However it is planned to continue this 
work on a larger scale before valid conclusions can be drawn. 


TABLE IV 

Effect of Natural Vitamin C in Experimental Poliomyelitis 
(Jntranasal Infection ) 





Result 

Series 

Dose of vitamin 

C 

Number of 
animals 

Typlcl 

paralysis 

(incubation 

1 to 14 days) 

Atypical 
paralysis 
(incubation 
over 14 days) 

No paralysis 


me. 





11 

5 

10 

10 

0 

0 


25 

10 

8 

1 

1 


— 

10 

10 

0 

0 

32 

SO 

5 

i , 

0 I 

4 


100 

5 

0 

0 

5 


— 

5 

5* 

o 

0 


* One of the 5 controls listed in series 12 as developing typical paralysis showed 
no distinct paralysis of the extremities but a very marked facial paralysis. 


It seems to us that the significance of results obtained in thera- 
peutic studies, such as the one here reported, lies not so much in 
isolated observations of success, or lack of success, obtained in one or 
several small experimental series, but that their intrinsic value is 
considerably strengthened if such results can be duplicated in pro- 
longed investigations. For this reason it is interesting to compare the 
data obtained in this study with those published in our previous re- 
port, even though the two studies differ substantially among them- 
selves in important details such as dosage of vitamin C, time of ad- 

















470 


VITAMIN C THERAPY IN POLIOMYELITIS 


ministration, and amount of virus used. It will be noted from Table 
V that the two sets of figures are in exceptionally good agreement. 
Thus the average percentage of intracerebrally infected monkeys 
which escape paralysis following treatment with natural vitamin C 
stands between 30.6 per cent and 32 per cent, while only between 
5.1 per cent and 5.2 per cent of the untreated controls fail to develop 
paralytic symptoms. These data are now based on a total of 243 
(181 plus 62) treated monkeys and 136 (38 plus 98) controls, leaving 
little doubt as to the accuracy of the observations. However, 
further detailed statistical analysis of the two sets of figures shows 


table v 

Effect of Natural Vitamin C in Experimental Poliomyelitis 
( Comparison of Data Obtained- in This Study with Data Previously Published ) 


Experi- 

mental 

data 

Type of 
animal 

O ert 

H P 


Result 


He 

3 3 

z 

Typical paralysis 

Atypical paralysis 

No paralysis 

Present 
data. . . 

C-treated 

181 

107 (59 . 1 per cent) 

16 (8.8 per cent) 

58 (32 percent) 

Previous 
data. . . 

Cl (( 

62 

38 (61.1 “ “ ) 

5 (8 “ " ) 

19 (30.6 “ " ) 

Present 
data. . . 

Controls 

98 

91 (92.8 “ “ ) 

2 (2 “ “ ) 

5 (5.1 “ “ ) 

Previous 
data. . . 


38 

34 (89.4 “ “ ) 

2 (5.2 “ “ ) 

2 (5.2 “ “ ) 


that the percentage of animals treated with 5 mg. alone has not in- 
considerably dropped from that reported heretofore. Accidental 
features, connected with the limited number of animals used, may 
have caused the first figure to be unduly high. There is also a possi- 
bility that different preparations of natural vitamin C may differ 
conspicuously in the degree of their purity or the extent to which 
other extraneous substances may modify the therapeutic effect. 

DISCUSSION 

The data presented in this paper, which are based on a number of 
experimental animals almost thrice as large as previously reported, 
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leave no doubt that the administration of natural vitamin C during 
the incubation period of experimental poliomyelitis is followed by a 
definite alteration in the severity of the disease. This is indicated 
by the fact that about six times as many treated animals escape 
paralysis (32 per cent) as do corresponding controls (5.1 per cent). 
Conversely, the incidence of typical paralysis stands at 59.1 per cent 
among the treated monkeys as compared with 92.8 per cent among 
untreated control animals. The given percentages are essentially 
identical with those previously published by us, i.e., there has been 
neither a significant reduction nor a conspicuous increase, when the 
data are taken as a whole. These figures demonstrate clearly the 
possibilities as well as the limitations of therapy with natural vita- 
min C in experimental poliomyelitis. 

Different results were obtained when synthetic vitamin C was used. 
In contrast to the above figures, we find only about twice as many 
non-paralytic survivors in animals treated with this substance (10.8 
per cent) as among the controls, and the incidence of typical paralysis 
stands at 75.2 per cent in this treated group. 

It would appear, therefore, that the measure of therapeutic suc- 
cess depends upon certain variables which, in order of significance, 
may be listed as follows: First, the kind of vitamin C; second, the 
dosage of vitamin C; third, the rapidity of the infection as determined 
by the amount of virus and type of strain; and fourth, the time of 
first administration of vitamin C. As a fifth factor, equally as im- 
portant as the other four, we should mention differences in individual 
response from monkey to monkey which necessitate running large 
series of animals if significant results are to be obtained. 

The markedly superior therapeutic efficacy of natural vitamin C, 
as contrasted with the synthetic preparations, is surprising, since 
we found but little discrepancy in virucidal action between the two 
in in vitro experiments. It is realized that the assumption of a real 
difference between the two kinds of products will find little favor with 
the biochemist who considers them as identical, except for possible 
impurities in ascorbic acid extracted from natural sources. Simi- 
larly, clinical experience has proven that both preparations possess 
the same antiscorbutic properties in man and animals. However, 
recent data tend to show that the natural substrate of vitamin C 
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contains additional factors, absent in the chemically pure synthetic 
product, which may be present in variable amounts in natural prepa- 
rations. We are alluding here to the so called P factor discovered by 
Szent-Gyorgyi (3) which exerts an antipurpuric effect and the so 
called J factor of von Euler and Malmberg (4) which apparently 
protects against pneumococcic infection in guinea pigs. Divergent 
results between synthetic and natural vitamin C have also been 
described by Havas and Gal (5) who found that the same concentra- 
tion of ascorbic acid either stimulated or inhibited the growth of 
seedlings, depending upon whether the natural or synthetic product 
were employed. There is finally a possibility that mineral impurities 
of the natural product may serve as activators (6). 

The problem of dosage is complicated by the fact that the largest 
amounts of ascorbic acid are not always necessarily optimal. This is 
clearly shown by a series of recent observations in widely differing 
fields all of which demonstrate that excessive amounts of vitamin C 
may bring about a reversal of the effect noticed with smaller doses 
(7). While our data are still too limited to make deductions certain, 
it would appear that during the first few days of the infection doses 
of 5 to 25 mg. produce an optimum therapeutic effect and that defi- 
nitely larger doses, ranging from 50 to • 100 mg., are required for 
treatment which is delayed until shortly before the expected onset of 
paralytic symptoms. For the same reason it can easily be under- 
stood that a faster progressing infection such as that induced by the 
R.M.V. strain responds only to doses of vitamin C definitely larger 
than those which are sufficient to halt the slower infection with the 
Aycock virus. The different dosage required for the two types of 
infections can certainly more easily be explained on that basis than 
by assuming differences in type of strain or mode of infection. The 
size of the effective dose of vitamin C therefore seems to be directly 
proportional to the speed of the infection and the stage at which the 
infectious process is advanced. 

It is altogether impossible to say why the therapeutic effect should 
be so irregular, varying as it does, series for series, among different 
animals even though the average percentage of non-paralytic sur- 
vivors remains fairly well fixed. The nature of this individual factor 
at present is wholly unknown. Obviously there are other conditions 
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which determine the extent to which vitamin C proves of benefit to 
the monkey. From the results of our vitamin C titrations of various 
monkey tissues it would seem possible that the protected animals 
may utilize vitamin C more effectively than the unprotected ones (2). 
Whether the degree of this utilization depends upon an unknown 
endocrine factor is an open question. 

The mechanism by which vitamin C accomplishes its therapeutic 
effect still remains obscure. Obviously the simplest explanation 
would be to assume that ascorbic acid, not unlike a chemotherapeutic 
agent, inactivates poliomyelitis virus directly in the central nervous 
system, particularly since the latter can be shown to store this sub- 
stance. Such inactivation would then be largely non-specific, since 
ascorbic acid, properly adjusted for pH, has proven capable of in- 
activating by direct contact in vitro every toxin and virus that has 
been investigated (8). However in spite of the frequent occurrence 
of such crude “antiviral” and “antitoxic” phenomena in vitro, thera- 
peutic results with vitamin C have been obtained only in a minority 
of infectious diseases, among which tuberculosis (9) and diphtheria 
(10) are outstanding. This would suggest that vitamin C may con- 
ceivably act in a more specialized manner in certain types of tissue 
injury by enhancing the mechanism of natural defense. An example 
of such action is found in the observation that mice injected with 
vitamin C are protected against fatal doses of acetonitril (11), a poison 
to which they are seasonally more susceptible in the summer than in 
the winter (12). Evidence supporting the supposition that polio- 
myelitis virus is not destroyed directly by the vitamin in vivo comes 
from our observation that a considerable number of treated animals 
develop paralysis after greatly prolonged incubation periods, i.e., 
at a time following discontinuance of C treatment when the artifi- 
cially raised C levels have dropped again to their normal values (see 
Chart 1). In such cases the virus was clearly not killed but kept in 
check possibly as long as the cells maintained a high concentration 
of vitamin C. The irregularity of the therapeutic effect, so char- 
acteristic of all our experiments, would also plead in favor of a com- 
plex reaction, mediated through the cells, rather than for a direct 
virucidal action. 

It has been pointed out by competent workers in vitamin research 
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that the chemist has superseded the pharmacologist who must surely 
recognize the probability that substances of an intensive physiological 
activity may exercise therapeutic functions that may seem compara- 
tively remote from their normal nutritional mode of action (13). 
And such phrases as “conditioned vitamin deficiencies” or “toxic 
avitaminoses” continue to appear in the literature devoted to this 
new and promising field. If we are to accept vitamin C, therefore, 
as a therapeutic agent on the basis of its established physiological 
action rather than of its normal role in nutrition, the question arises 
in what way the anti-infectious effect of ascorbic acid in poliomyelitis 
can be correlated with its biochemical activity. Since it is commonly 
suspected that one of the functions of vitamin C is to regulate the 
oxidation-reduction potential of cellular respiration (14), it becomes 
relatively easy to imagine that an increased supply of the vitamin, 
which has a tendency to diminish during the infection, serves to main- 
tain the oxidation-reduction system of nerve cells at a level at which 
the oxylabile virus is restrained from intracellular propagation. 
While this suggestion is still entirely hypothetical, it is in harmony 
with the observations of Brodie and Wortis (15) who have demon- 
strated a diminution in the oxygen consumption rate of nerve tissue 
infected with poliomyelitis virus. 

In the light of these remarks it will readily be understood why 
vitamin C may be useful as an auxiliary therapeutic agent in cer- 
tain infectious diseases which have little in common with the classical 
symptoms of frank scurvy. As far as poliomyelitis is concerned, the 
rationale of such treatment, at present, is predicated only by the 
experimental data given in this paper. It would be considerably 
strengthened by the establishment of a causal relationship between 
susceptibility to the disease and faulty C metabolism. Such demon- 
stration would have to come from clinical studies and from epidemi- 
ological observations involving a correlation between the extent of the 
so called prescorbutic state in different age groups, latitudes, and 
seasons, on the one hand, and the distribution of cases of polio- 
myelitis, on the other. It is not likely, however, that abnormally low 
C levels are summarily produced by a low intake of vitamin.C, except 
in regions where the content of vitamin C in food is notoriously m 
adequate, such as in some rural districts of northern countries (1 
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It would seem rather as if the C requirements of exceptional indi- 
viduals at certain times are greater than can be met and that crises 
occur, precipitated by a combination of environmental factors such 
as light, fatigue, intestinal disturbances, and other unknown agencies, 
which may facilitate central nervous system invasion of the ubiquitous 
virus. 


SUMMARY AND CONCLUSIONS 

1. A group of 181 monkeys were infected intracerebrally with 
amounts of virus ranging from 0.01 to 0.05 cc. of a 10 per cent virus 
suspension. At different intervals following infection treatment of 
these animals was begun with daily injections of 5 to 100 mg. of 
natural vitamin C for a period of 2 weeks. Of 89 monkeys treated 
on the 1st or 2nd day of infection 26 (29.2 per cent) survived without 
showing any evidence of paralysis; of 53 monkeys treated on the 3rd 
day of the infection 23 (43.3 per cent) survived without showing any 
evidence of paralysis; of 39 monkeys treated on the 5th day of the 
infection 9 (23 per cent) survived without showing any evidence of 
paralysis. 

2. A group of 101 monkeys were infected intracerebrally with 
amounts of virus ranging from 0.05 to 0.1 cc. of a 10 per cent virus 
suspension. At different intervals following infection treatment of 
these animals was begun with daily injections of 5 to 100 mg. of 
synthetic vitamin C for a period of 2 weeks. Of 25 monkeys treated 
on the 1st day of infection 2 (8 per cent) survived without showing 
any evidence of paralysis; of 26 monkeys treated on the 3rd day of 
the infection 5 (19.2 per cent) survived without showing any evidence 
of paralysis; of 50 monkeys treated on the 4th and 5th day of the infec- 
tion 4 (8 per cent) survived without showing any evidence of paralysis. 

3. The above two groups of treated animals were accompanied by 
a group of 98 control monkeys which were infected intracerebrally 
with the same amounts of virus and remained untreated. In this 
group there were 5 (5.1 per cent) animals which survived without 
showing any evidence of paralysis. 

4. The figures, taken as a whole, show that among 181 monkeys 
treated with natural vitamin C 58 (32 per cent) survived without 
paralysis, and among 101 monkeys treated with synthetic vitamin C 
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11 (10.8 per cent) survived without paralysis. In comparing the 
percentage of non-paralytic survivors of the two treated groups 
with that of the untreated controls (5.1 per cent) it is found that 
about six times as many animals escaped paralysis following treat- 
ment with natural vitamin C as did the corresponding controls. In 
the group of animals treated with synthetic vitamin C, on the other 
hand, there were only about twice as many non-paralytic survivors 
as among the controls. 

5. The results obtained in this investigation, as far as they are con- 
cerned with the therapeutic effect of natural vitamin C in experi- 
mental poliomyelitis, are in close agreement with the data previously 
published. 
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During the past few years much attention has been given to the 
study of vitamin C metabolism in health and disease. What has 
rendered this problem so attractive to laboratory workers and clini- 
cians alike is the fact that vitamin C is not only significant as an acces- 
sory factor in nutrition, absence of which causes characteristic degen- 
erative lesions in various tissues, but that ascorbic acid has come to be 
recognized as a physiological substance of great biochemical potency 
which seems to play an important part in the regulation of certain cell 
functions concerned with the mechanism of normal defense against 
microbial injury (1). This is borne out by numerous observations on 
increased susceptibility to bacterial infections and intoxications in 
C-deficicnt animals and proven more directly by the discovery that 
the vitamin C stores are often severely depleted during the progress 
of an infectious process. The latter data are based on vitamin C 
assays of the tissues of experimentally infected animals, as well as on 
the demonstration of C deficiencies in patients suffering from infec- 
tious diseases as determined by the urinary excretion following oral 
administration of large doses of ascorbic acid. 

As might be expected, attempts have been made to compensate for 
this loss of vitamin C by increasing the intake; and evidence is begin- 
ning to accumulate which suggests that the administration of vitamin 
C during the course oi certain infections and intoxications in man and 
animals may be followed by a reduction in severity of the pathological 
process. It is an open question whether such resistance-enhancing 
effects are due to an indirect stimulation of the physiological defense 
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mechanism of the cells or whether ascorbic acid is capable of destroy- 
ing directly certain bacteria, toxins, and viruses in vivo, as has clearly 
been demonstrated to occur when such infectious agents are brought 
together with the vitamin in vitro. While changes in vitamin C levels, 
occurring as they do in the wake of many infectious processes, do not 
necessarily signify any causal relationship to susceptibility, it has 
seemed possible that vitamin C metabolism may assume a particular 
significance in those infectious diseases which are normally charac- 
terized by wide variations in individual resistance. This would seem 
to apply especially if such infections or intoxications should prove to 
respond favorably to therapeutic doses of ascorbic acid as appears to 
be true for diphtheria, tuberculosis, and poliomyelitis (2), to quote 
only the best studied examples. It is for this reason that we have un- 
dertaken a detailed investigation of the vitamin C content of monkey 
tissues in experimental poliomyelitis, the object of this study being to 
compare the vitamin C levels of various representative tissues in 
normal monkeys with those of poliomyelitic monkeys and of infected 
animals in which an attempt had been made to lessen the severity of 
the infection by parenteral administration of vitamin C during the 
incubation period of the disease (2). 

Methods 

The work was planned to provide as fair a basis of comparison as possible 
between the vitamin C levels of normal and poliomyelitic monkeys which had 
received no injections of ascorbic acid and those of normal and infected animals 
which had been injected daily for 2 weeks with doses of ascorbic acid ranging from 
5 to 100 mg. All animals were kept on the same general balanced dietary regime, 
which consisted of rice, bread, and milk and included an ample amount of bananas, 
oranges, and lettuce as a source of vitamin C. While the quality of the diet "as 
therefore roughly adequate, no strict control of the quantitative individual inta 'C 
of food could be obtained since the monkeys were sitting in groups of 10 to a 
in large cages. All monkeys were of approximately similar weight, ranging from 
2300 to 2800 gm., and were sexually immature. The tissues studied were partial 
larly brain, cord, and suprarenal; but we have also run numerous titrations o 
other organs such as liver, spleen, gonads, kidney, and intestines. Fen cs 
were done with blood and spinal fluid since it was soon discovered that t ic:e 
fluids contained none or so little vitamin C that the amounts could not be accu^ 
rately measured. Normal monkeys were sacrificed from time to time toget 
with poliomyelitic monkeys so as to control any variables that might resu t ro. 
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the fact that this study extended over a period of several months (January to 
May) and that the animals were received from different shipments.^ Polio- 
myelitic monkeys, if prostrated, were killed at the height of paralysis in order 
to exclude any gross error due to inanition. 

The monkeys {Macocus rhesus ) were killed by intracardiac injection of air, 
and the tissues immediately removed and titrated for vitamin C according to the 
modified method of Bessey and King (3). This method measures only the reduced 
vitamin C present in the tissues, and is based on the fact that vitamin C, in 
strongly acidic solutions (of pH 2-3), will reduce very rapidly the indophenol 
reagent to its colorless base. The dye is blue in alkaliile and pink in acid solu- 
tion; the end-point of the titration is reached when the add extract turns a pink 
color. The tissues ate weighed accurately and then ground with sand in a mixture 
of 8 per cent trichloracetic and 2 per cent metaphosphoric acid in a glass mortar 
until a very fine homogeneous suspension is obtained. This suspension is centri- 
fuged and the supernatant poured into a volumetric flask. The residue is again 
extracted with acid and centrifuged; the supernatants arc then brought up to a 
volume of 25 or 50 cc., depending on the expected concentration of C in the 
tissues. Aliquot portions of the extract are titrated against sodium 2-6 dichloro- 
benzenone indophenol (Eastman Kodak P 3463). The dye is usually made up so 
that 1 cc. of the solution is the equivalent of 0.1 to 0.3 mg. of vitamin C. The 
indicator is standardized against an acid solution of crystalline vitamin C, which 
in turn has been standardized against a 0.01 N solution of iodine. The titrations 
are completed within about 30 seconds and the first pink color that appears is 
taken as the end-point. A blank of the acid mixture alone is always run for any 
given volume of extract. Other substances in tissue extracts will reduce the 
indicator even in strongly acid solution, although more slowly than vitamin C (4). 
For this reason a rapid end-point (5 to 30 seconds) is considered fairly accurate; 
however difficulties are often encountered when tissue extracts (e.g., liver, kidney) 
contain substances which reduce the dye almost as rapidly as does vitamin C. 
The end-point is such that although it is rapidly fading, another drop of indicator 
is not immediately reduced by the extract as it would be if vitamin C were still 
present. The results, with correction for the blank, are calculated as mg. of 
vitamin C per gm. of tissue. The experimental error lies between 5 and 10 per 
cent. While the use of the indophenol reagent, therefore, may not give absolute 
values for the C content of tissues, we agree with others that it is accurate enough 
for comparative purposes, especially since the titration values against the dye are 
found to correlate closely with the values obtained bv the biological assav 
method (5). 1 


1 Reversibly oxidized vitamin C may be brought back to the reduced state by 
the passage of H*S through the solution for a length of time with subsequent 
removal of the H 2 S by N or C0 2 . Since substances other than dehydroascorbic 
acid may be reduced by HjS and included in the titration, and since the routine 
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RESULTS 

A total of 123 monkeys was killed for tissue titration. This number 
is made up of four main groups which are listed as follows: (1) normal 
monkeys which had not received any vitamin C parenterally, (2) nor- 
mal monkeys which had been injected subcutaneously with 5 or 25 
mg. of ascorbic acid daily for a period of 2 weeks, (3) control monkeys 
which had not received vitamin C and showed various degrees of paral- 
ysis following intracerebral inoculation with poliomyelitis virus, and 
(4) vitamin C-treated monkeys which had received subcutaneous 
injections of 5 to 100 mg. of ascorbic acid daily for a period of 2 weeks 
following intracerebral infection with poliomyelitis virus. This last 
group is further subdivided into monkeys which survived without 
paralysis following C treatment and those which succumbed to the 
disease in spite of treatment. The results obtained in the several 
groups of monkeys will now be discussed individually. 

Group 1 . — Normal monkeys. There were 5 normal monkeys in 
this group. These were sacrificed from time to time during the course 
of this investigation after being kept on the ordinary feeding schedule 
for a period of at least 2 weeks. The average C levels found in the 
central nervous system and suprarenals, expressed in mg. per gm. of 
tissue, were as follows: 0.08 for brain, 0.07 for cord, and 0.43 for supra- 
renal. 

Group 2 . — Normal C-prepared monkeys. This group included 3 
monkeys all of which were sacrificed on the day following the last in- 
jection of vitamin C. The average C levels found in nervous tissue 
and the suprarenals of these animals were markedly higher than those 
observed for normal monkeys, i.e., 0.15 for brain, 0.10 for cord, and 
0.75 for suprarenal. 

Group 3 . — Poliomyelitic control monkeys. This group comprised a 
total of 24 animals serving as untreated controls for vitamin C-trcatcd 
monkeys which had been infected simultaneously. Of these 24. ani- 
mals 11 were completely' prostrated by quadriplegia; the remaining 

use of this method was not practical we have run only a few such tests. In those 
instances where this method was used we found no changes in our values t a 
could not be accounted for by probable errors in technique. It seems, there o.e, 
likely that most of the vitamin was present in these tissues in the reduced orm. 
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13 were partially paralyzed to various extents. The 11 completely 
paralyzed animals were killed at the height of paralysis and the 13 
partially paralyzed animals at different stages of their convalescence, 
which varied from 3 to 4 weeks (7 animals) to 6 to 10 weeks (6 animals) 
following the onset of paralysis. The C levels found in animals killed 
at the height of paralysis as well as in the early stage of convalescence 
were uniformly low, average values of 0.07 and 0.06 being obtained 
for brain, 0.05 and 0.07 for cord, and 0.27 for suprarenal. These 
figures were slightly below those of corresponding normal monkey 
tissues. Somewhat higher average figures were observed in animals 
which were allowed to recover up to 10 weeks, i.e., 0.13 for brain, 0.10 
for cord, and 0.53 for suprarenal. It will be noted that these values 
were slightly above the C levels of normal monkeys. 

Group 4. C-treated infected monkeys. This group is by far the 
largest, including a total of 91 monkeys in which an attempt had been 
made to influence the course of experimental poliomyelitis by paren- 
teral administration of vitamin C during the incubation period. The 
total number of animals in this group is divided into two subgroups, 
the first subgroup representing 58 animals which developed paralysis 
in spite of treatment, while the second subgroup contained 33 animals 
which had survived without showing any evidence of paralytic symp- 
toms. 

The paralyzed animals, if prostrated by quadriplegia, were killed 
at the height of paralysis (35 animals) and if partially paralyzed were 
sacrificed at 3 to 4 weeks (19 animals) or at 5 to 10 weeks (4 animals) 
following the onset of paralysis. Titration of the tissues of these 
C-treated paralyzed animals showed average C values distinctly higher 
than those observed for untreated poliomyelitic controls, running from 
0.13 to 0.14 for brain, from 0.09 to 0.11 for cord, and from 0.51 to 
0.79 for suprarenal. These values were therefore either very slightly 
below or practically identical with the levels of normal C-prcpared 
monkeys. There was little if any secondary rise in the figures con- 
comitant with the progress of convalescence in this group, probably 
because the initial values were already high. 

Interesting results were obtained in the second subgroup with C- 
treated animals which had escaped paralysis. These animals were 
sacrificed either between the 3rd and 4th week of survival following 
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the day of infection (21 animals) or as late as 6 weeks thereafter (12 
animals). The average figures for those killed at the earlier period 
showed unusually high C levels in all tissues examined, i.e., 0.16 for 
brain, 0.13 for cord, and 0.90 for suprarenal. However, when such 
animals had been permitted to live until 6 weeks after infection, 
these hypemormal values had again returned to figures which were 
only slightly above the normal average, i.e., 0.13 in brain, 0.09 in cord, 
and 0.44 in suprarenal. 



0 I. Normal monkeys 

■ 2.Poliomyelitic monkeys (height of paralysis) 

S 3 Poliomyelitic monkeys (late convalescence) 

0 4.C-prepared normal monkeys 

□ 5 C-treated infected monkeys (height of paralysis) 

O 6. C-t.reated infected monkeys (late convalescence) 

H IC-treated infected monkeys (3rd to4th week of non-paralytic 
survival) 

S 6.C- treated infected monkeys (6th week of non- paralytic 
survival) 

Chart 1. Vitamin C content of monkey tissues in experimental poliomyelitis. 


A summary of these titrations will be found in Table I, while Chart 1 
gives a comparison of the C levels, tissue for tissue, in the different 
groups of animals. 

As was mentioned before, we have also run numerous C titrations on 
tissues other than the central nervous system and the suprarcnals. 
These determinations have yielded results, closely comparable to tho-C 
reported above, i.e., high or low levels of C in the brain, cord, and t c 
suprarenals were usually reflected by high or low levels in the spleen* 
liver, gonads, and intestines. These data are therefore not reproduce 


Vitamin C Ccnlmt in the Brain, Cord, and Suprarenal a] Normal and Poliomyelitic Monkeys ( with and without Paretlteral 

C- Administration) 
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in detail. However, we are giving in Table II and in Chart 2 the re- 
sults of the titration of all tissues examined for normal monkeys and 

table u 


Vitamin C Content of the Tissues of Normal and Vitamin C-Prepared Monkeys 


Type of animal 

Suprarenal 
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increases are most marked in the liver, kidney,' and intestine, and are 
followed by those in the spleen and brain. The cord seems to par- 
ticipate only to a very modest extent in this process of C assimilation. 

DISCUSSION 

The data presented in this paper offer information on the concen- 
trations of vitamin C that are present in various tissues of normal 
rhesus monkeys and the extent to which such concentrations are sub- 
ject to alteration by the parenteral administration of ascorbic acid. 
They are also helpful in explaining the results obtained with vitamin 
C therapy in experimental poliomyelitis. 

It is well known that different animal species, on the basis of their 
susceptibility to experimental scurvy, may be divided into those which 
are capable of synthesizing their own vitamin C and those which 
depend upon dietary intake to supply this nutritional factor. There 
is well documented evidence to show that species of the first category, 
such as rats, rabbits, dogs, cats, and cattle, carry higher C levels in 
all tissues than man and the guinea pig, which belong to the second 
category (6). Although the monkey's susceptibility to experimental 
scurvy is well established, figures relating to the C content of monkey 
tissues, with the exception of the blood (7), have been wanting. The 
results of our titrations show' that the C levels of the monkey fall in 
line with those of other non-synthesizing species. If the brain or 
suprarenal are taken as representative organs, the following series of 
C values, expressed in mg. per gm. of tissue, is therefore obtained: 
rat: 0.30 mg. (brain), 3 to 6 mg. (suprarenal); rabbit: 0.20 mg. (brain), 
2 to 3 mg. (suprarenal); cat: 0.20 mg. (brain), 1 mg. (suprarenal) ; 
dog: 0.19 mg. (brain), 0.9 mg. (suprarenal); guinea pig: 0.14 mg. 
(brain), 0.3 to 0.7 mg. (suprarenal); man: 0.15 mg. (brain), 0.5 mg. 
(suprarenal); and monkey: 0.08 mg. (brain), 0.4 mg. (suprarenal). 
The values are slightly higher in very young and slightly lower in very 
old animals. Similar ratios are found in other tissues. 

Since the amount of vitamin C found in the tissues depends upon 
the amount of ascorbic add taken in, both orally and parenterally, C 
titrations must always be interpreted in terms of dietary intake. How 
sensitive an indicator the tissue C level is of variations in diet, other 
factors remaining constant, was forcibly brought to our attention in 
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this work. For a short time some monkeys were fed more oranges 
than usual, with the result that the C values ran significantly higher. 
On the other hand, some monkeys which were sacrificed shortly after 
having been received from the dealer, showed considerably lower C 
levels in all tissues. These animals were therefore excluded from tabu- 
lation in this study. We have also found some evidence for the pres- 
ence of a slight seasonal increase in tissue C levels of all monkeys, 
normal, treated, and controls, beginning with the month of June. 
For this reason we have omitted all titrations carried out after that 
date. Even when due allowance has been made for variables which 
might affect the titration values, there still remains an extraordinary 
variability in the figures for animals within a given group, partic- 
ularly in the suprarenal, as indicated by the extent of the so called 
median range from which the averages were computed. 

The data obtained in this study have an important bearing on the 
nature of the therapeutic effect of vitamin C in experimental polio- 
myelitis. There is some indication that the amounts of C present in 
nervous tissues and in the suprarenal tend to diminish slightly during 
the progress of the infection. This is shown more clearly by contrast- 
ing the C levels of normal monkeys with those of poliomyelitic con- 
trols at the height of paralysis or during early convalescence than 
by a comparison of the figures obtained in normal and paralyzed 
animals which carried an additional load of vitamin C. As far as 
the suprarenal is concerned, this loss of C during the disease is m 
accord with scattered preliminary observations previously reported 
(8). However, it appears that the loss of C that occurs during polio- 
myelitic infection in the monkey is not nearly as striking as the C 
depletion observed in diphtheritic intoxication (9). In favor of the 
assumption that the lower C levels in paralytic monkeys are due to a 
temporary derangement of C metabolism produced by the disease an 
not referable to chance factors is the fact that poliomyelitic monkejs 
show a distinct tendency for a return to normal and even shg > 
hypemormal C levels as convalescence progresses. It is difficult, o 
course, to exclude with certainty that this secondary increase ma} no 
be the result of better adjustment to laboratory conditions. I 
ever, the data recently published by Torrance (10), who observe 
marked increase in C content of the suprarenal in guinea pigs fol owing 
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administration of sublethal doses of diphtheria toxin, suggest at least 
the possibility that recovery from poliomyelitis may be accompanied 
with a mobilization of vitamin C. Of particular interest is the fact 
that unusually high C levels were uniformly encountered in monkeys 
which had escaped paralysis following treatment with vitamin C, 
when such animals were examined in the early stages of their survival. 
Since these values were even higher than those obtained in normal 
animals after C preparation, they probably represent the aggregate 
effect of increased intake and increased assimilation of vitamin C 
during the infection. The artificial character of this high C satura- 
tion is clearly indicated by its brief duration, there being a return to 
normal levels in non-paralytic survivors which had not been examined 
until 6 weeks following the date of infection. Comparable figures 
have only been found in a small number of monkeys, not included in 
this work, which had passed through a non-paralytic febrile episode 
following intracerebral injection of poliomyelitis virus in combination 
with certain inactivating agents. It would seem likely therefore that 
the therapeutic effect observed after parenteral administration of 
vitamin C consists essentially in changing the frank paralytic type of 
the disease into the non-paralytic abortive type which fails to induce 
specific immunity to reinfection (11). 

In conclusion it can be stated that distinctly hypernormal C levels 
in the central nervous system and in the suprarenals have been 
observed only in association with resistance to the disease. The 
possibility suggests itself, therefore, that there may be a certain de- 
limiting threshold concentration of vitamin C in the tissues above 
which the monkey is protected and below which it is unprotected 
against the production of nerve cell damages by the virus. As this 
concentration begins to drop following discontinuance of C adminis- 
tration there is evidently a return to the state of susceptibility as indi- 
cated by the considerable number of animals which develop delayed 
paralysis between 14 days and 47 days following infection (12). We 
have no explanation to offer why only a certain percentage of infected 
monkeys following C administration are capable of reaching a critical 
concentration of vitamin C in the tissues and succeed in escaping 
paralysis permanently. But our data suggest that the success or 
failure of C treatment in experimental poliomyelitis may be intimately 
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connected with the extent to which the ascorbic acid is utilized by the 
organism. 


SUMMARY AND CONCLUSIONS 

1. The concentrations of reduced ascorbic acid present in the tissues 
of normal rhesus monkeys are of a magnitude in keeping with the 
values found for other animal species which are incapable of syn- 
thesizing vitamin C. These concentrations are subject to distinct 
increase by prolonged parenteral administration of ascorbic acid. 

2. The amounts of vitamin C present in nervous tissue and the 
suprarenals of monkeys, paralyzed as the result of poliomyelitis in- 
fection, are slightly below the normal average when examined at the 
height of paralysis or m early convalescence. The figures show a 
tendency for a return to normal or slightly hypemormal levels con- 
comitant with the progress of convalescence. 

3. Vitamin C titrations of the tissues of monkeys which had received 
parenteral injections of ascorbic acid during the incubation period of 
poliomyelitic infection give different results according to whether 
such animals develop paralysis or survive without paralytic symptoms. 
In paralyzed C-treated monkeys the vitamin C levels are practically 
identical with those of normal C-prepared monkeys. Markedly 
higher values, however, are obtained with non-paralytic survivors m 
the early stages of their survival. As the period of survival lengthens 
normal figures prevail again. 

4. The data are discussed in their relationship to the success or 
failure of vitamin C therapy in experimental poliomyelitis. 
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THE INFLUENCE OF PROLONGED, INTENSIVE PLASMA- 
PHERESIS UPON THE ABILITY OF THE ORGANISM 
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The serum protein concentration has frequently been observed to 
be reduced in certain types of Bright’s disease and in various types of 
malnutrition. Formerly the fundamental cause for this rvas at- 
tributed to either a loss of protein in the urine or a lack of protein 
in the diet. In 1933 Bloomfield (1), in introducing his studies on 
the effect of restriction of protein intake on the serum protein con- 
centration of the rat, critically examined the evidence in support of 
the loss and lack theory and concluded that such a simple concept 
did not fit all the facts of clinical and experimental experience. The 
hypothesis was advanced that some other factor, such as an impair- 
ment of or an injury to the serum protein-regenerating mechanism, 
may be an accessory, if not the primary, factor in the production of 
a hypoproteinemia. More recent investigations, reviewed elsewhere 
(2), afford further support for this hypothesis. 

In one of our previous papers (3) and in the communication coming 
from Whipple’s laboratory (4) it was reported that the dog subjected 
to prolonged plasmapheresis may develop some impairment in ability 
to regenerate serum protein. In both of these studies the animals 
subsisted during alternate periods on adequate diets on the one hand 
and on low protein rations on the other. In our current studies we 
have been interested in determining as precisely as possible the fac- 
tor responsible for the inhibition of serum protein formation ; namely, 

* The expenses o[ this investigation were defrayed by a grant from the. Fluid 
Research Fund, Yale University School of Medicine, and by an Alexander Brown 
Core Fellowship Grant. 

** Alexander Brown Coze Fellow, 1936-37. 
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whether prolonged intensive loss of protein from the body per sc 
is the etiologic agent or whether lack of protein is also a contributing 
factor. In the present investigation we have been concerned simply 
with the first phase of this problem. For this purpose the animals 
were fed adequate casein rations during the long regime of intensive 
plasmapheresis. Such a procedure, we believe, should also indicate 
whether or not prolonged proteinuria per se in nephrotic individuals, 
subsisting on adequate diets, predisposes to an impairment in ability 
to regenerate serum protein. 


Methods 

Plasmapheresis, the repeated bleedings of an animal, followed immediately by 
the reinjection of the corpuscular elements of the blood suspended in Locke's 
solution, was carried out according to the quantitative technique described in our 
previous publication (5). For the determination of the serum protein concentra- 
tion both a nephelometric procedure (6) and a gravimetric method (7, 8) were 
employed. In estimating the blood volume use was made of the dye method as 
improved by Hooper, Smith, Belt and Whipple (9). Inasmuch as stasis which 
obstructs the venous return may cause an appreciable increase in the scrum 
protein concentration (10), samples for analysis were taken either from the 
femoral artery or from the cubital vein under minimal stasis. 

Recently Plotner (11, 12) has reported that variations in the albumin to globu- 
lin ratio in serum markedly affected the accuracy of his particular nephelomctnc 
procedure for determining the concentration of total serum protein. With a 
decrease in the ratio the observed turbidities were less than the corresponding 
values determined gravimetrically. The hypoproteinemia produced expen- 
mentally by the technique of plasmapheresis has been reported to be associated 
with a decreased or inverted albumin to globulin ratio (13-20, 4). The dogs used 
in the present study have also shown such changes in this ratio. 1 In our current 
investigations more than 100 cross determinations with both the nephelomctnc 
procedure (6) and the very accurate gravimetric method (7, 8) were conductc 
with the sera obtained from our dogs. The results of these estimations have 
indicated that there is a tendency, when the albumin to globulin ratio is inverte , 
for the nephelometric values to be less than those obtained by the stan ar 
gravimetric procedure. At times the difference may actually be as much as a 
per cent of the true value. The validity of the albumin to globulin ratio as 
determined in the clinic has been discussed elsewhere (21). We are of the opinion 
that such protein fractions are simply artificial products produced by the reagen s 
employed in their preparation; that the serum protein complex is compo-e o 

1 The authors express their gratitude to Dr. Daniel C. Darrow of the Depart 
ment of Pediatrics, Yale University, for these determinations. 
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two or more unstable coprecipitation systems in mutual equilibrium; and that the 
particular protein fractions obtained indicate merely the potentialities of certain 
components in the serum to combine, probably by means of residual valencies, 
into a product that is insoluble under the imposed conditions. In our present 
studies we have attempted to eliminate any differences in the degree of dissociation 
of these reversible systems or in the tendency to dissociate which are believed to 
be responsible for the particular albumin to globulin ratios obtained. We have 
found that heating the aliquot of the diluted serum at 90°C. until the first faint 
turbidity is manifest (from 1 to 3 minutes), cooling and subjecting this to the 
subsequent steps in the nephelometric procedure will cause no appreciable 
change in the relative turbidities of normal sera samples when comparisons are 
made with the standard treated in the same manner. However, with sera, in. 
which the albumin to globulin ratio is inverted, a significant change in the relative 
turbidities occurs so that better agreement with the gravimetric results is recorded. 
With this modification in the technique the average percentage deviation of the 
nephelometric values from the gravimetric was found to be approximately ±3.0 
per cent. 

This nephelometric procedure was used merely to calculate each day the volume 
of blood to be withdrawn in the plasmapheresis, according to the method described 
elsewhere (5). Twice each week these determinations were checked against the 
values recorded by the gravimetric method. For the important determination of 
the total amount of serum protein removed each week in order to maintain the 
blood protein concentration at the basal level, the gravimetric procedure was 
always used, after removal of the fibrin from the pooled citrated plasmas (22). 


EXPERIMENTS 


In the present study the initial experiments dealt with the stand- 
ardization of the dogs so that, if any impairment in 'serum protein 
formation should occur, it would be possible to determine both quali- 
tatively and quantitatively just what phase was affected, the endog- 
enous or exogenous. The determination of the protein minimum 
for nitrogen equilibrium with each of the animals has been shown on 
theoretical grounds to be a prerequisite for the proper evaluation of 
that particular dog’s ability to regenerate serum protein (3). 


Three adult female dogs were used. At an optimal nutritive index of 0.30 
(23), dog 4-6, abound, weighed 14.2 kilos; dog 5*1, an airedale, 14.8 kilos, and dog 
-2, also a hound, 15.9 kilos. Preliminary- to the nitrogen balance studies the 
animals were given a vermifuge and then offered an excess of vitamin B (Bj) to 
saturate the tissues with this dietary essential. 1 The dogs were then fed an 


* As a source of vitamin B (Bi) during these preliminary periods the dogs were 
cd a preparation called embo, powdered wheat embryo; this was kindly furnished 
by the General Mills, Inc., Minneapolis. 
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artificial "synthetic” diet, containing casein as the sole source of protein and fed 
at a level of 8 per cent of the caloric intake. The plan of the ration followed the 
kilo-unit scheme (24) and is similar to those used in our previous studies (22, 3, 25). 
The sample of casein used throughout the present investigation was a commercial 
preparation, 3 which contained 13.08 per cent nitrogen. This was indicative of an 
82.3 per cent purity (26). The vitamin adjuvants 4 were identical to those em- 
ployed in our previous studies (22, 3, 25) and were administered in the same 
amounts apart from the diet. These supplements are practically free of protein 
and therefore did not introduce any appreciable amount of that foodstuff into the 
diet. The animals were fed the ration each day at the maintenance level of 70 
calories per kilo of optimal body weight; the vitamin adjuvants yielded an addi- 
tional 1.5 calories per kilo. 

In estimating the casein minimum for nitrogen equilibrium we have followed 
the method outlined in detail elsewhere (25). Table I summarizes the experi- 
mental findings. Calculations indicated that the protein minima for dogs 4-6, 
5-1 and 5-2, expressed in terms of total ingested calories furnished by the protein 
in the diet, were 9.8, 8.55 and 9.45 per cent, respectively. 

For the biological assay of the ability of each of these animals to regenerate 
serum proteinj “synthetic” artificial diets were constructed similar to that used 
in the simple nitrogen balance studies but containing a casein increment of 0.7a 
gm. of the pure protein per kilo-unit, over and above the casein minimum required 
normally for each of the dogs. The protein content of the ration was increased at 
the expense of an isodynamic portion of the carbohydrate fraction, the other 
constituents remaining constant. 

Subsequent to the nitrogen balance studies dogs 4-6, 5-1 and 5-2 were sub- 
jected to a standardized plasmapheresis regime, described in detail elsewhere (22), 
in order to evaluate their respective abilities to regenerate serum protein. F c ‘ 
tailed calculations of the potency ratios are given below. The results indicate 
that these animals wmre normal at the beginning of this study with respect to their 
abilities to regenerate serum protein from materials obtained from both exogenous 


and endogenous sources. 

Dog 4-6. . j 

65 gm. casein = increment above the minimum for nitrogen equilibrium o 
170 gm. .... ,. 

40.8 gm. serum protein were regenerated during the equilibrium week. ^ ^ 

9.8 gm. serum protein = endogenous serum protein regeneration, anima -u 

sisting on the protein-free diet (22). 


3 Obtained from the Lister Bros., New York. ^ 

4 We are indebted to the Health Products Corporation, Newark, an ^ 0 
Lilly and Company, Indianapolis, for kindly furnishing us with generous - 
plies of their cod liver oil concentrate tablets and liver 343 powder, respec iv 
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Therefore, * 

40.8 — 9.8 ^ q potency ratio. 

65 / 

68 gra. casein = increment above the minimum for nitrogen equilibrium of 155 
gm. 

33.4 gm. serum protein -were regenerated during the equilibrium week. 

5.7 gm. serum protein = endogenous scrum protein regeneration, animal sub- 
sisting on the protein-free diet (22). 

Therefore, 

« o.41, potency ratio. 

68 

DosS-2. 

73 gm. casein = increment above the minimum for nitrogen equilibrium of 
185 gm. 

46.2 gm. serum protein were regenerated during the equilibrium week. 

9.6 gm. serum protein — endogenous serum protein regeneration, animal sub- 
sisting on the protein-free diet (22). 

Therefore, 

46.8 - 9.6 „ , 

— 0 51, potency ratio. 

73 

According to our experimental plan the animals were maintained 
on the adequate casein rations and were subjected to quantitative 
plasmapheresis for a total of 12 weeks. Following this the protein 
diet was replaced by the protein-free ration in order to determine 
whether any impairment in ability to utilize the products of tissue 
protein catabolism had developed as a consequence of the prolonged, 
intensive plasmapheresis. The results of these studies, including the 
periods which furnished the data used in the biological evaluation 
of casein with respect to serum protein regeneration, are presented in 
Tables II, III and IV. The details of plasmapheresis are summarized 
for each period of 7 days. The variations in body weight, in blood 
and plasma volume and in the hematocrit are also included in these 
tables, because (a) they afford some indication of the nutritional 
status of the animals and (6) they constitute a kind of index of the 
composition of the blood during such a long experimental regime. 

When these experiments were begun the weights of the dogs 
approximated those associated with an optimal nutritive condition, 
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as estimated by the nutritive index formula (23). Throughout the 
study all three animals evidenced a progressive increase in body 
weight so that the final values were approximately from 14 to 19 per 
cent greater than the initial optimal weights. Barker and Kirk 
(27) have reported a decreased basal metabolism in dogs subjected 
to plasmapheresis. Clinically, in patients with the condition known 
as nephrosis, a similar decrease of from 20 to 30 per cent is frequently 

TABLE I 


Estimation of the Casein Minimum for Nitrogen Equilibrium 


Dog 

Experi- 

mental 

period 

Basal 
ration* 
per day 

Vitaminsf 

N intake 
per day 

N excretion 
per day 

Average 
weight 
of dog 

Period; N balance 

Casein 

No. 

per day 

Basal 

Vita- 

mins 



raunf 


days 

gm. 

calo- 

rics 

gm. 

calo- 

rics 

gm. 


gm. 

gm. 

kg. 


ferent 

caMit 

4-6 

6 

202 

994 

5.25 

21 

3.149 



— 

14.42 

Adjustment 

9.8 


4 


994 

5.25 

21 

3.149 

0.251 

3.380 

0.451 

14.35 

—0.431 gm. N 


5-1 

6 

211 

1036 

5.5 

22 





— 

14.29 

Adjustment 

8.65 


4 

211 

1036 

5.5 

22 

3.290 


3.188 


14.46 

—0.136 gm. N 

5-2 

6 

227 

1113 

6.0 

24 

3.539 

0.281 

— 

— 

15.32 

Adjustment 

9.45 


4 

227 

1113 

6.0 

24 

3.539 

0.281 

3.675 

0.545 

15.36 

—0.400 gm.N 



* The plan of this ration followed the kilo-unit scheme (24); the diet furnishe 
8 per cent of the caloric intake in the form of protein and was fed at the main 
tenance level of 70 calories per kilo of optimal body weight as estimated by t c 
nutritive index formula (23). _ . 

t The vitamin adjuvants and the quantities administered arc describe m a 
previous publication (22 or 25). 

f The protein minima for these animals were estimated from the nitrogen 
balance data by the method reported in detail elsewhere (25). 

manifest (28). Thus, the increases in body weight in our dogs, sub 
sisting on a diet furnishing calories in amount normally adequa c 
just for the maintenance requirements, are probably due to an a PP rc 
dable extent to a decrease in their basal metabolic rates. . 

In these experiments, as in the case of our earlier studies ( > 
a reduction in the serum protein concentration produced by p 
pheresis is associated with a drop in the blood volume. Hov.e » 
















DANIEL MELNICK AND GEORGE R. COWGILL 


499 


when there is also a significant reduction in the cell volume leading 
to a passive reduction in the blood volume, then the lowered osmotic 

TABLE U 

The Influence of Prolonged, Intensive Plasmapheresis upon the Ability of Dog 4-6 
to Regenerate Serum Protein 


Optimal weight* of dog » 14.2 kilos. 
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than the normal. Such has frequently been the case in the present 
study with dogs 4-6, 5-1 and 5-2. 

Throughout the current investigation the hematocrit values were 
always below the initial readings but were kept well within the 
normal range. When dogs are subjected to plasmapheresis, the 


table m 


The Influence of Prolonged, Intensive Plasmapheresis upon the Ability of Dog 5-1 
to Regenerate Serum Protein 
Optimal weight * of dog = 14.S kilos. 
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For the reinjection of these cells the saline was replaced by an ap- 
proximately equivalent volume of modified Locke’s solution (30). 
In the present study the latter was altered by the addition of 
2.5 gm. of glucose per liter of solution. Cells were always stored 
for further use and always reinjected, suspended in this modified 

table rv 

The Influence of Prolonged, Intensive Plasmapheresis upon the Ability of Dog 5-2 
to Regenerate Serum Protein 
Optimal weight* of dog *= 15.9 kilos. 
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present study an excess of only 5.5 per cent was required, despite the 
fact that in these experiments the animals were subjected to pro- 
longed plasmapheresis. For some unknown reason in the case of 
dog 4 during periods IX and X, described in the previous paper (3), 
and in the case of dog 5-2 during periods IX, X and XI in the present 
study there was a marked destruction of the red blood cells in vivo. 
This necessitated the injection of a huge excess of red blood cells 
in both cases of approximately 33 per cent more than that withdrawn. 
The amount of red cell destruction during these periods was not 
averaged in determining the relative degrees of hemolysis in both 
studies, indicated above. Of particular interest is the fact that dur- 
ing the periods of increased red blood cell destruction in vivo both 
dogs exhibited significant increases in the potency ratios when com- 
pared wdth similar periods but in which the destruction of the erythro- 
cytes were not nearly so great. For this reason we believe that the 
hemoglobin thrown into the circulation by the hemolysis of the 
injected red cells is broken down and serves as an additional source 
of amino acids for promoting the regeneration of serum protein. It 
is our opinion that this “globin variable” exhibits not only an addi- 
tive but also a supplementary effect upon the dietary protein, so that 
the results obtained in our studies as well as in those reported by 


others cannot be referred solely to the dietary protein. 

In the current investigation we have been interested primarily in 
the ability of the organism to regenerate serum protein when exposed 
to a regime of prolonged, intensive plasmapheresis. During the 
initial depletion period and the subsequent equilibrium week the 
dogs subsisted on the high caloric protein-free diet. This ration uas 
then replaced by the casein increment diets, the animals still being 
subjected to quantitative plasmapheresis. After the adjustment 
period equilibrium values were obtained and these were used in art ^ 
ing at the potency ratios calculated above. Subsequently dog 
showed a slow but progressive decrease in ability to regenerate serum 
protein, but this proved to be only temporary in nature, since ’ 
was followed by a prompt rise until the initial equilibrium va ue " 
again attained. Dog 5-1 throughout the corresponding perio 
denced no significant changes in its capacity to produce this 
protein. Dog 5-2 behaved in a similar manner. The sigm ica 
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increase in serum protein output recorded for periods IX, X and XI 
has been attributed to the considerable hemolysis which occurred 
during these weeks. Thus, in all three dogs we have observed no 
notable impairment in ability to regenerate serum protein. Evidently 
these animals, if our hypothesis (3) is true, should still be able to 
utilize adequately the products of tissue protein catabolism (endog- 
enous serum protein regeneration) for the formation of this blood 
protein. This was confirmed by changing the animals’ rations back 
to the protein-free diet, the regime of quantitative plasmapheresis 
still being maintained. After the depletion periods, the serum protein 
outputs were approximately equal to those recorded for the com- 
parable equilibrium weeks at the beginning of these experiments. 

DISCUSSION 

In our previous paper (3), reporting an impairment of the ability 
of dog 3 to regenerate serum protein, this animal had been subjected 
to a total of 15 weeks of plasmapheresis, subsequent to a rest period 
of 4 months. As was mentioned earlier in this paper the animal sub- 
sisted during alternate periods of 2 weeks on the protein-free diet on 
the one hand and on the adequate protein rations on the other. In 
other words this animal was subjected at times to both a loss of 
protein by bleeding and a lack of protein from the diet. In the 
present study only the “loss” factor was made to operate. Evidently 
prolonged plasmapheresis per sc, resulting in the formation and loss 
of large amounts of serum protein, does not cause an impairment in 
the ability of the organism to regenerate this blood protein. 

Peters and his associates (31) point out that in conditions of 
nephritic edema associated with marked proteinuria the patients 
frequently are malnourished due specifically to protein starvation. 
The evidence for such a conclusion was based on the prolonged posi- 
tive nitrogen balances recorded for these individuals when they sub- 
sisted on diets containing high calories and more than maintenance 
quantities of protein. In our experiments with the dog, rations fur- 
nishing approximately 40 per cent of protein above the maintenance 
requirements were fed. Under such conditions in spite of marked 
losses of serum protein the animals suffered no disturbance in ability 
to regenerate this complex. Peters (31) emphasizes that besides 
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proteinuria the chief cause of the serum protein deficiency appears to 
be depletion of the protein stores of the body. In the present study 
it seems that we have ruled out protein loss as being the significant 
factor in causing an impairment in serum protein formation. Experi- 
ments are planned for the future in which the dogs will be subjected 
to the protein-free diet (lack of protein) in addition to quantitative 
plasmapheresis (loss of protein); under such conditions we feel that 
the change in ration to the adequate casein diet will result in a greatly 
decreased output of serum protein when compared with the previous 
control periods. 

It may occur to the reader that a period of uninterrupted plasma- 
pheresis of 16 weeks duration is possibly too short to warrant any sig- 
nificant conclusions. For this reason we have attempted to equate 
the present findings recorded with the dog with those theoretically 
possible with the human species. In our studies seven dogs have 
been standardized with respect to their ability to regenerate serum 
protein, while subsisting on adequate casein rations. The results 
obtained with dogs 3 and 4 have been described in a previous pub- 
lication (3) ; the experiments with dogs 4-6, 5-1 and 5-2 were discussed 
in the present report. Dogs 4-7 and 4-8 were standardized for use 
in another study; a brief summary of these tests including those 
conducted with the other animals is presented in Table V. 

Consideration of the data present in this table indicates that these 
dogs, fed diets containing casein at a level of about 13 per cent of 
the caloric intake, can regenerate each week approximately 93 per 
cent of the amount of serum protein initially present in the plasma. 
The quantity of protein fed to the dogs was liberal in so far as satis 
fying the minimal nitrogen requirements were concerned, but the ra^ 
tions used are not to be considered as being so called “high protein 
diets. Thus, in the case of a 70 kilo man under similar environ^ 
mental conditions this would be equivalent to the individual reccivin D 
only about 80 gm. of protein per day. The normal life span o f t 
human being is approximately 4.5 times as long as that of the og. 

A similar relationship is observed during pregnancy in both speacs 
with respect to the length of the normal gestation period.. If su 
ratio is accepted as being valid, then the 16 weeks of uninterrup e^ 
plasmapheresis conducted in the present study may be consi ere 



DANIEL MELNICK AND GEORGE R. COWGILL 


505 



§ The potency ratio is expressed as the ratio of (a) the amount of serum protein per week removed by the bleedings above 
that regenerated from endogenous sources, to ( b ) the dietary protein increment, i.e. the amount above that required for nitro- 
gen equilibrium. 


506 


PROLONGED INTENSIVE PLASMAPHERESIS 


as being equal to a period of 72 weeks in the case of man. In similar 
fashion the 12 weeks of intensive prolonged plasmapheresis, during 
which the animals subsisted on the adequate casein rations, may be 
regarded as equivalent to 54 weeks in the human species. According 
to Peters and Van Slyke (28) the normal average serum protein con- 
centration in human beings is approximately 7.0 per cent and the 
average plasma volume (dye method) is about 54 cc. per kilo. Thus 
for an average 70 kilo man the plasma volume should total 3780 cc. 
and should contain 265 gm. of serum protein. Let us suppose that 
such an individual subsequent!} 7 develops a marked proteinuria and 
hypoproteinemia, as a result of which he is actively regenerating 
serum protein. If the ability of the human being to form this blood 
protein is assumed to be equal to that of the dog, then calculations 
(265 gm. serum protein X 0.93) indicate that the 70 kilo man should 
be able to regenerate as much as 247 gm. of serum protein per week. 
In other words such an individual fed an adequate ration should be 
able to lose each day as much as 35 gm. of serum protein over a 
period of 54 weeks without suffering any impairment in ability to 
regenerate this blood protein. 

The findings in the present study emphasize the remarkable ability 
of the normal organism to regenerate rapidly serum protein over a 
relatively long period of time. It seems to us that in clinical condi- 
tions of Bright’s disease associated with a proteinuria in which there 
may be a daily loss for example of even 20 gm. of protein per day some 
other factor must be postulated for explaining the persistence of the 
hypoproteinemia. It seems obvious that, if loss of protein is to be 
effective in lowering the protein concentration, it must be extreme y 
large unless there is in addition some impairment of a mechanism 
responsible for the formation of serum protein. 

With respect to such a mechanism it is of interest to compare 
the ability of the dog to regenerate serum protein with its efficiency 
in using dietary protein for meeting the general nitrogen require 
ments. The data presented in Table V show that the rcs P-‘ c ^ 
potency ratios recorded for each of the dogs are independent o 
protein minima values. This observation seems to indicate t 
regeneration of serum protein bears no definite relation to the n 
gen metabolism of the organism as a whole but may be epen 
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upon a specific mechanism responsible for the formation of the blood 
protein. 

SUMMARY 

1. When the dog is subjected to quantitative plasmapheresis and 
fed appropriate “synthetic” artificial rations, it is possible to evaluate 
the ability of the organism to regenerate serum protein from both 
exogenous and endogenous sources. Approximately 44 per cent of the 
protein, casein, fed in excess of the minimal amount needed normally 
to meet the general nitrogen requirements, is utilized for the forma- 
tion of new serum protein. Under our experimental conditions the 
dog can regenerate each week solely from endogenous sources approxi- 
mately 0.6 gm. of this blood protein per kilo of optimal body weight. 
This is equivalent to about 21 per cent of the total amount of serum 
protein normally present in the plasma. 

2. When the dog is fed an adequate protein diet and is subjected 
to a regime of prolonged intensive plasmapheresis (period of 16 con- 
secutive weeks), no impairment in the ability of the organism to 
regenerate serum protein from either exogenous or endogenous 
sources occurs. Under our conditions of experimentation the dog 
appears to be able to form each week an amount of the blood protein 
approximately equal to that normally present in the plasma. Be- 
cause of this remarkable ability of the normal organism to regenerate 
rapidly serum protein over a relatively long period of time, it seems 
that loss of protein alone in conditions of Bright’s disease cannot be 
the etiologic agent responsible for the persistence of the hypopro- 
teinemia. An additional factor, the “specific” ability of such indi- 
viduals to regenerate serum protein, must be taken into consideration. 
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THE INFLUENCE OF PREGNANCY AND LACTATION UPON 
THE REGENERATION OF SERUM PROTEIN* 

Bv DANIEL MELNICK,'* Ph.D., and GEORGE R. COWGILL, Pn.D. 

(From Ike Laboratory of Thysiolotical Chemistry, Yale University School of Medicine, 
New Haven) 

(Received for publication, June 25, 1937) 

It has long been known that there are changes in the blood volume 
during pregnancy, and that these are associated noth a hydremia due 
almost entirely to an increase in the water content ol the plasma 
(1-6). Various fluctuations in the concentration of plasma proteins 
(7-12, 6) occur during all stages of pregnancy and they appear in 
large measure to be associated with this hydremia, although Peters 
and Van Slyke (14) have suggested that loss of blood during labor 
may play a r6le. Davis and Bodansky (13) have reported observa- 
tions made on rabbits, a species which delivers large litters, from 
which it appears that the delivery of large litters intensifies the 
process by which the concentration of plasma proteins is lowered. 
They reported that the lowest concentration occurred 12 hours after 
parturition; the normal concentration was not attained during the 
25 day period of lactation. 

In the present investigation we have been interested primarily 
in the transitory changes in the serum protein concentration which 
take place during terminal pregnancy and early lactation. It seems 
to us that animals, which deliver relatively large litters of young, are 
better suited for such a study. Inasmuch as the “strain” of preg- 
nancy and lactation in these species may be assumed to be greater 
than that in cases of human pregnancy, one might expect to ob- 
tain values which because of their distinct differences would be of 
greater significance. Such has been the case in the studies conducted 

The expenses of this investigation were defrayed by a grant from the Research 
Fund, 1 ale University School of Medicine, and by an Alexander Brown Core 
Fellowship Grant. 

** Alexander Brown Coxe Fellow, 1936-37. 
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by Davis and Bodansky (13) on rabbits during pregnancy and lacta- 
tion. Furthermore, we have been impressed with the relatively low- 
serum protein concentrations recorded at parturition, which in the 
case of the rabbit may actually approximate the low values recorded 
for significant hypoproteinemias. In view of the remarkable ability 
of the normal organism to regenerate serum protein (15), the possi- 
bility suggests itself that in conditions of pregnancy and early lacta- 
tion there may be a limited store of reserve serum protein or an 
impairment of the ability of the organism to form this blood protein 
or an involvement of both of these factors. Indeed, the synthesis 
of body proteins in the fetus during pregnancy and the milk proteins 
during lactation may be considered to be actually an internal plasma- 
pheresis, leading to a depletion of the serum protein by the 
preferential utilization of the material from which this complex is 
made. In the present study by means of rigid control of the dietary 
intake and by use of the technique of quantitative plasmapheresis 
we have attempted to evaluate the ability of the organism to regen- 
erate serum protein during pregnancy and lactation. 

Methods and Material 

The methods followed were practically the same as those used in our previous 
investigations of serum protein regeneration (16-18, 15). The concentrations of 
the serum protein were determined for the most part by the nephelometric pro- 
cedure of Rona and Kleinmann (19), modified as described in our previous com- 
munication (15). Periodically, these values were checked by determining the 
concentration of the blood protein by the direct gravimetric procedure (20, 2 ), 
especially on those days when the serum protein concentration showed dramatic 
changes. The gravimetric method was always used for determining the conccn 
tration of the serum protein in the pooled plasma aliquots, after the fibrin had been 
removed according to the procedure described elsewhere (1 7). For the estimation 
of the blood volume, the dye method as improved by Hooper, Smith, Belt *.n 
Whipple (22) was employed. Because obstruction to the venous return 'cr> 
quickly increases the protein concentration in the plasma (23), the samples u-c 
for the determination of the serum protein concentration and blood volume v.cm 
taken in most cases from the femoral artery. Since we were very much intere- ^ 
in the blood volume changes and did not want to affect them appredab y ) ^ 
methods of analyses, the blood samples used for the various determinations v ^ 
as small as possible. Thus, in the case of a serum protein estimation 2 to cc '^ 
blood were withdrawn, while in conducting a blood volume determination ^ 
animal lost a total of only 10 cc. of blood. Plasmapheresis, plasma ep 
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effected by the repeated bleedings of the animal, followed immediately by the 
reinjection of the corpuscular elements of the blood suspended in Locke’s solution, 
was conducted according to the standardised technique described in our previous 
publication (16). 

In the present investigation three diets were employed, a natural stock diet, 
a “synthetic” artificial protein ration, and a “synthetic” artificial protein-free diet. 
The natural stock ration 1 consisted of a mixture of natural foods and was occa- 
sionally supplemented with meat scraps obtained from the New Haven Hospital. 
The “synthetic” artificial protein diet was the casein III ration described by Cow- 
gill (24), which contains casein 2 as the sole source of protein, with exception that a 
modified Osborne and Mendel salt mixture (25) replaced that described in the 
original formula. In our laboratory dogs have subsisted on this diet for as long 
as 18 months and throughout this period appeared to have been in an excellent 
nutritive condition. The protein-free diet is described in detail elsewhere (17). 
The same vitamin supplements* and the same quantities as described in that 
paper (17) were administered to the dogs, when they subsisted on either of the 
two “synthetic" rations. 


RESULTS 

The initial investigations are concerned with the variations in the 
serum protein concentration, blood volume, hematocrit, and plasma 
volume in the normal dog subsisting on the adequate “synthetic” 
casein diet, and in another animal fed the same ration during terminal 
pregnancy and early lactation. 

Dog 1-0, a fox-terrier with an optimal weight of 8.95 kilos, calculated for the 
animal when adjusted to an optimal nutritive condition (24), was used as the 
normal control dog in this study. Dog 5-6, a mongrel, was estimated to have the 
same optimal weight and was employed to investigate the effects of pregnancy and 
lactation upon the composition of the blood. Prior to the present experiments 
both animals were fed the natural stock diet ad libitum. Subsequently the casein 
ration was administered, also ad libitum, supplemented with the calculated 
amounts of the vitamin adjuvants. Dog 1-0 subsisted on the “synthetic” diet 
for a period of 8 weeks during which time it evidenced a slow but progressive gain 
m weight until the final value was 10.2 kilos. Dog 5-6 was fed the casein ration 


^Tmga dog food, formerly baloration, obtained from the Tioga Mills, Inc., 
Waverly, New York. 

1 Obtained from the Lister Bros., New York. 

TT x*tf are j ndebted t0 the Health Products Corporation, Newark, and to The 
l . 1 ^' a . Company, Indianapolis, for furnishing us with generous supplies of 
Uicjr cod liver oil concentrate tablets and liver 343 powder, respectively. 
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5 days before term, subsisted on it for the first 2 weeks of lactation and finally was 
returned to the natural stock diet. This animal weighed 9.2 kilos before thelittcr 
was cast, 7.0 kilos post partum and finally 8.1 kilos when the normal blood picture 



Chart 1. Variations in the serum protein concentration, blood volume, 
hematocrit and plasma volume in the normal dog, subsisting on an adequate syn- 
thetic” casein diet, and in another animal fed the same ration during terminal 
pregnancy and early lactation. 

* During these preliminary periods the dogs subsisted on a natural stock did- 
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tenance of a normal serum protein concentration and a normal 
blood. and plasma volume. In the case of the pregnant animal there 
was a marked plasma hydration but no increase in the total blood 
volume, due to the fact that the hematocrit was extremely low. 
In human beings there is also a reduction of the hemoglobin concen- 
tration, cell count and cell volume somewhat too large to be explained 
simply by the hydremia (14). However, in the case of dog 5-6 the 
total cell volume showed actually a maximal decrease of approxi- 
mately 40 per cent. As in the studies by Davis and Bodansky (13) 
of the composition of blood in rabbits during pregnancy and lactation, 
marked changes in the serum protein concentration were also re- 
corded for this dog. Thus, the concentration of the blood protein 
5 days before term was three-fourths and at parturition actually 
two-thirds of the normal value. However, when expressed as total 
circulating serum protein, there was no appreciable decrease except 
at parturition and early lactation, and then these values were only 
about 10 per cent less than normal. With human beings the changes 
in the serum protein concentration are not nearly as great and with 
respect to the total amount of serum protein there is generally an 
increase during pregnancy and a return to normal during the 1st 
week post partum (3, 6). The findings recorded with dog 5-6 indi- 
cate that the dog as well as the rabbit undergoes a considerably 
greater physiological strain during pregnancy and lactation than the 
human being. In this connection it is pertinent to point out that 
despite the fact that dog 5-6 subsisted on a diet which contains 
approximately 34 per cent protein it evidenced a significant hypo- 
proteinemia during the periods of pregnancy and lactation which were 
under observation. This becomes even more significant when one 
considers that the normal dog subsisting on a ration which contains 
only from 15 to 16 per cent of the very same protein exhibits a re- 
markable ability to regenerate serum protein (18, 15). In the dog 
the duration of pregnancy is usually 63 days; the puppies are gener- 
ally weaned after 42 days. In view of the markedly short period of 
gestation in this species and in view of the relatively large litters 
that are cast and nursed, the dog appears to be ideally suited for the 
experiments devised to evaluate the effects of normal pregnancy and 
lactation upon the ability of the organism to form serum protein. 
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Previous studies (17, 18, 15) have given some index of the amount 
of reserve serum protein, stored as such or potentially so, in the nor- 
mal dog and the ability of such an organism to utilize the products 
of tissue protein catabolism for the formation of this blood protein. 
By the administration of the protein-free diet at a high level of 
caloric intake to the dog subjected to plasmapheresis during which 
one-fourth of the blood volume of the animal is withdrawn daily, 
it is possible to reduce the serum protein concentration to the basal 
level (3.5 to 4.2 per cent) and to deplete the organism of its reserve 
stores of this protein within 1 week. The subsequent week was 
demonstrated to be an equilibrium period, indicative of the amount 
of serum protein that can be regenerated with no protein in the diet 
and with tissue protein catabolism alone furnishing the materials 
from which the protein complex is made. Plasmapheresis during 
this latter period is performed quantitatively (16); whenever the 
serum protein concentration rises to 4.2 per cent or above, a calculated 
volume of blood is removed to reduce the level to 3.5 per cent. The 
results, obtained to date with nine dogs, are summarized in Table I, 
and indicate that the normal dog possesses a considerable reserve 
store of serum protein of approximately 38 per cent of the total 
amount normally present in the circulation. When fed the protein- 
free diet and when subjected to quantitative plasmapheresis the 
dog is able in 1 week to regenerate approximately 21 per cent of the 
total amount of the blood protein normally present in the plasma. 

Dogs 4-3 and 4-4 were employed in the experiments devised to evaluate the 
effects ol pregnancy and lactation upon the ability of the dog to regenerate serum 
protein. In order to present more clearly and in greater detail the normal control 
findings with these dogs, reference is made to Chart 2. The intensity and fre- 
quency of the plasmapheresis necessary to deplete these animals of their reserve 
serum protein stores, reduce their blood protein concentrations to the basal level 
and to maintain them there are indicated in the chart. The normal serum protein 
concentrations, blood and plasma volumes and hematocrit readings are presented, 
as w ell as the corresponding values when the dogs were subjected to plasmapheresis. 

Both dogs consumed the “synthetic” artificial protein-free diet 
at the high level of caloric intake of 90 calories per kilo of optimal 
body weight. Dogs maintained in metabolism cages under similar 
environmental conditions but fed an adequate diet usually require 
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in the neighborhood of 70 calories per kilo for maintenance. Dog 4-3 
during this experimental period evidenced a slow but progressive loss 



Chart 2. Serum protein depletion in the normal dog and the ability of the 
normal organism to utilize the products of tissue protein catabolism for the 
formation of serum protein. The dotted lines represent plasmapheresis. 

* During this preliminary period the dogs subsisted dn a natural stock diet 


followed by 1 week on an artificial “synthetic” casein ration 
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Symbol 

Blood 

Hematocrit 

Plasma 

Period j 

! 

Total bleeding 

Serum 

protein 

removed 
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volume 

volume 

Blood 

| Plasma | 


Dog 4-3 


A 

C 

E 

cc. 

1126 

942 

965 

per cent 

53.8 

48.0 

44.4 

cc. 

520 

490 

537 

B-D 

D-F 

ce. 

1577 

343 

cc. 

773 

186 

in. 

38.4 

7.6 




Dog 4-4 




G 

957 

44.0 

536 

H-J 

1322 

748 

38.0 

9.2 

I 

K 

890 

846 

38.4 

41.8 

548 

492 

J-L 

374 

226 


of body weight from 13.7 to 12.7 kilos; dog 4-4, from 10.6 to 
kilos. The optimal body weights of these animals were ca cu a 
to be 12.6 and 10.0 kilos, respectively. 
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The influence of pregnancy and lactation upon the ability of these 
dogs to regenerate serum protein is presented in Charts 3 and i. 

In these experiments the animals were fed initially the natural stock diet ai 
libitum followed by the "synthetic" casein diet, also ai libitum . This was then 
replaced by the protein-free diet administered at the 90 calorie per kilo level. 


Ter 4 ' 3 • 

cent 6 puppies bom 



Chart 3. The influence of pregnancy and lactation upon the ability of dog 4-3 
to regenerate serum protein. The dotted lines represent plasmapheresis. 

* During this preliminary period the dog subsisted on a natural stock diet 
followed by 1 week on an adequate “synthetic” casein ration. 



During the periods when the animals were offered this ration, they refused at 
times to eat the daily aliquots completely. This necessitated feeding the dogs 
forcibly, a procedure which was tolerated very well, the ingested food always being 
retained. The casein diet was administered during the period of lactation at a 
level of 120 calories per kilo of optimal body weight and was always consumed 
vnth great avidity. Dog 4-3 weighed 13.6 kilos prior to term, 11.4 subsequent to 
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parturition, 11.2 when the protein-free ration was replaced by the casein diet and 
11.5 when the last observation recorded on Chart 3 was made. The correspond- 
ing weights listed for dog 4-4 were 15.8, 1 1.6, 10.6 and 10.2 kilos. 

From the data given in the charts we note that these two dogs, as 
well as dog 5-6 described above, exhibited marked changes in the com- 



Days 0 


10 


15 


20 


25 30 


Chart 4. The influence of pregnancy and lactation upon the ability of dog 4-1 
to regenerate serum protein. The dotted lines represent plasmapheresis. 

* During this preliminary period the dog subsisted on a natural stock diet 


followed by 1 week on an adequate "synthetic” casein ration. 


Symbol 
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Blood 
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cc. 

per cent 

CC. 


cc. 

cc. 
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A 

904 

30.8 

626 

B-C 

683 

455 

20.9 

C 

1016 

30.2 

709 

C-D 

0 

0 


D 

884 

31.0 

610 





E 

87 3 

30.5 

607 





F 

867 

35 4 

560 



! 




position of the blood as a result of pregnancy. Thus, dog 1 ^ 

before plasmapheresis was inaugurated, 2 days prior to partun > 
had a serum protein concentration actually 26 per cent less t an ^ 
normal value but despite this managed to have a norma p^~ 
volume. In the case of dog 4-4 there was a comparable decrease 
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the serum protein concentration but actually a significant plasma 
hydration, so that the total amount of serum protein present in’ 
circulation was decreased by only about one-half as much (11 per 
cent) as in the case of dog 4-3. In both animals there were marked 
reductions in the hematocrit values and total cell volumes when 
comparisons are made with the normal findings recorded in Chart 2. 

Of primary significance are the results which were obtained when 
the dogs subsisted on the protein-free diet and were subjected to the 
same standardized plasmapheresis procedures employed in the study 
described with the same animals in the normal state. In the case 
of dog 4-3 plasmapheresis was begun 2 days prior to parturition. 
Only two hemorrhages, resulting in the withdrawal of only 11.4 
gm. of serum protein, were required to deplete this animal of its 
reserve serum protein and to lower the concentration of the blood 
protein to the basal level. These results should be compared with 
the normal findings (see Chart 2) which show that fully six bleedings, 
resulting in the removal of 38.4 gm. of serum protein, were essential 
for this purpose. During the subsequent week, period of early lacta- 
tion, the serum protein concentration never did attain the basal 
bleeding level of 4.2 per cent but showed a gradual fall to the very 
low level of 3.2 per cent, when the animal’s diet was changed to the 
adequate casein ration. In the normal state during a comparable 
period of time this animal had to be bled that amount of blood con- 
taining 7.6 gm. of serum protein in order to keep the concentration 
of the blood protein below the basal bleeding level. In like fashion 
with dog 4-4 only three hemorrhages were required to reduce the 
serum protein concentration to the basal level and, once attained, it 
was found not necessary to bleed the animal to maintain it there. 
The actual amounts of serum protein removed from this animal in 
the normal, in the pregnant and in the lactating states are given in 
Charts 2 and 4. These results are confirmatory of those obtained 
with dog 4-3. When both animals were fed the adequate casein 
ration and subjected to no bleedings the serum protein concentrations 
rose promptly during the period of lactation until normal values were 
approximated. 

The data obtained from these experiments seem to gain in signifi- 
cance, since not only was each dog its own control but also because the 
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normal picture was obtained on one dog at the same time the effects 
of pregnancy and lactation were being evaluated on the other animal 
and vice versa. A period of approximately 7 months separated one 
study from the other. It is also pertinent to point out that experi- 
mental data are available to indicate that the results recorded for 
the initial depletion week and subsequent equilibrium periods are 
reproducible in the normal dog (15, 17). 

One may feel that during the pregnancy study it was much easier 
to reduce the serum protein concentration to the basal level simply 
because the initial concentration values were already markedly less 
than normal. However, perusal of the protocols (2 6) 4 of a study 
conducted with dog 3 to determine the reproducibility of our pro- 
cedures indicates that this could not be the only factor involved. The 
serum protein concentration of this animal was initially 6.21 per cent. 
One bleeding resulted in it being reduced to 4.82 per cent. How- 
ever, in order to lower it to the basal level, it was essential to bleed 
the animal on the 5 successive days so that a total of 47.2 gm. of 
serum protein were withdrawn during this depletion period. Com- 
parison of this value with that recorded initially with dog 3 (see 
Table I) indicates excellent agreement. 

With both dogs the greatest change in the serum protein concen- 
tration occurred just at parturition. In the case of dog 4-3 it is o 
vious from the change in the plasma volume on that day that the 
decrease in the concentration of the blood protein cannot be at 
tributed to hydremia. The blood volume estimation conductc on 
dog 4-4, however, did indicate a significant plasma hydration., 
can find no reason to suspect that this particular determination i 
incorrect due to faulty technique; nevertheless, we feel that a -Jgo 
ficant decrease in the hematocrit value should also result if t c , ^ 
dremia were unquestionably so great. Since such did not 
and in view of the relationship between hematocrit and plasma ^ 
ume in the subsequent determinations, it is concluded * 
changes in the serum protein concentration in this dog v. ere pr , ^ 

due primarily to our experimental procedures and not simp} 
dilution of the plasma. 


4 Melnick (26), page 224. 
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The experiments described and discussed thus far indicate among 
other things that the pregnant dog possesses a limited store of re- 
serve serum protein. In order to evaluate more completely the 
influence of pregnancy upon the regeneration of this blood protein 
additional tests were conducted on another animal. For this purpose 
plasmapheresis was initiated 2 weeks prior to term. It was also 
expected that this study would enable one to ascertain more fully 
whether or not the precipitous drop in the scrum protein concen- 
tration observed previously is dependent specifically upon some 
peculiar effect of the parturition process. The results of the experi- 
ments are present in Chart 5. 

The animal subsisted initially on the natural stock diet followed by 1 week on 
the synthetic casein ration. This was followed by use of the protein-free diet 
fed at the level of 90 calories per kilo of optimal body weight for a period of 17 
days, when the litter was cast. Occasionally the diet had to be administered 
forcibly but here as in the case of dogs 4-3 and 4-4 the animal did not object to 
being fed in such a manner. Subsequent to parturition the casein ration was 
offered at a 120 calorie per kilo level and was always consumed with great eager- 
ness. Tbe weight of this dog was initially 10.8 kilos, rose to 12.3 at the time when 
the protein-free diet was initiated, continued to rise in spite of the inadequate 
ration to the peak value of 13.1 kilos but finally dropped to 12.4 just prior to 
parturition. Immediately after the litter was cast the dog weighed 10.7 kilos, 
which weight was maintained during the period of lactation. The optimal weight 
(24) of this dog was calculated to be 10.9 kilos. 

The data presented in Chart 5 were obtained over a longer period of 
time than in the case of the other experiments. The finding of a 
plasma hydration and of marked decreases in the hematocrit value, 
in the total cell volume, in the serum protein concentration, and a 
negligible change in the total amount of serum protein were also 
recorded for this dog during pregnancy. 

When subjected to plasmapheresis this animal showed precisely 
the same response as the pregnant dogs 4-3 and 4-4 when fed the same 
diet. Only three bleedings, resulting in the removal of 19.8 gm. of 
serum protein, were essential to deplete this dog of its reserve store 
of this protein and to reduce its concentration to the basal level. 

ubsequently for fully 12 days the serum protein concentration failed 
to reach the basal bleeding level of 4.2 per cent. It was not con- 
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sidered essential to obtain the normal control picture with this dog. 
On the basis of the average data presented in Table I, calculations 
indicate that this animal may be expected normally to lose about 33 



Chart 5. The influence of pregnancy and lactation upon the ability of dog 5-7 
to regenerate serum protein. The dotted lines represent plasmapheresis. 

* During this preliminary period the dog subsisted on a natural stock diet 
followed by 1 week on an adequate “synthetic” casein ration. 
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578 

577 
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Total bleeding, cc 



703 

o 






Plasma, cc 



452 

0 
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Serum protein removed, gm. . . . 

19.8 

0 

1 







gm. of serum protein during the initial depletion week and approxi- 
mately 7 gm. during the subsequent equilibrium period of 7 days. 
Of particular interest is the fact that this dog failed to show any 
greater increase in the hydration of the plasma at parturition. Obvi- 
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ously then the ease, with which the serum protein concentration can 
be reduced during pregnancy and lactation to the basal level and 
maintained there, must be due solely to the parasitic effects on the 
maternal organism of bearing the young and nursing them during 
early life. In this connection it is interesting to note that dog 5-7 
still evidenced during lactation a significant decrease of about 16 
per cent in the serum protein concentration, even though it had sub- 
sisted for almost 3 weeks on the adequate casein diet. The fact that 
the total amount of serum protein during this period was normal 
does not seem to be an adequate explanation; it is difficult to think 
of an equilibrium between tissue protein and serum protein which 
depends upon total quantities rather than upon concentrations. 

DISCUSSION 

From the evidence presented in our previous publications (17, 18, 
15) a hypothesis was presented explaining the mechanism by which 
serum protein formation takes place. This was illustrated by the 
following diagram. 

Dietary 

protein 

/ ~ 

Tissue Serum 

protein 4 protein , ’ 

This hypothesis emphasizes the role of tissue protein catabolism as 

an essential factor in the normal production of serum protein. 

The results of our present investigations harmonize very well with 
this concept. It has been reported that the amino acids of the blood 
appear to be the precursors of the milk proteins (27) and that the 
amino adds or polypeptides of the blood are utilized in the nutrition 
of the fetus, since the placenta is apparently impermeable to the 
plasma proteins (28). In our experiments the normal non-gravid 
dog was shown repeatedly to be able to utilize the products of tissue 
protein catabolism for the formation of serum protein. When fed 
the protein-free diet and when subjected to quantitative plasma- 
pheresis after the basal serum protein level is attained, the dog was 
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found still to be able to regenerate each week approximately 21 per cent 
of the total amount of protein normally present in the plasma. How- 
ever, in the case of the pregnant and lactating animal subsisting on 
the same ration no appreciable regeneration of serum protein was 
observed to take place. Evidently under these experimental condi- 
tions, where there arc no amino adds or polypeptides being absorbed 
from the gastrointestinal tract and where such products of tissue 
protein catabolism are utilized on the one hand for the nutrition of 
the fetus and on the other for the production of the milk proteins, 
the Bauslcinc of the serum protein complex are no longer available. 
It does not appear likely to us that the serum protein complex is the 
precursor of the milk proteins or the source of the amino acids essen- 
tial for the nutrition of the fetus. It would seem to be very poor 
physiological economy for the organism to synthesize first the serum 
protein complex from the amino acids liberated as a result of tissue 
protein catabolism and then destroy it again to supply the amino 
acids for the functions of pregnancy and lactation involving additional 
protein synthesis. 

In these studies of pregnancy in the dog we have observed no in- 
crease in the total blood volume, but in most cases a significant 
plasma hydration. This increase in the volume of the plasma oc- 
curred in spite of the markedly lowered serum protein concentra- 
tions. We believe one of the contributory factors for such a change 
in the plasma volume is the great reduction in the hematocrit and 
total cell volume. We have shown (29) with the normal dog that 
when there is a concomitant and significant decrease in the hemato- 
crit resulting in a passive reduction of the blood volume, a lowered 
serum protein concentration is negligible in effecting a further de- 
crease in the blood volume. In such conditions the plasma volumes 
were frequently greater than normal. Precisely the same variations 
in the composition of the blood appear to occur in the dog during 
normal pregnancy, so that the above explanation may very well be 
applied to explain in part such changes observed in the present study. 
Obviously some other factor must also be involved since shortly 
after parturition there is, especially in human beings, a marked 
decrease in the blood volume as a result of the removal of water 
from the plasma with a concomitant increase in the hematocrit due 
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simply to the hemoconcentration and not to any increase in the total 
cell volume. 

SUMMARY 

1. In view of the markedly short period of gestation in the dog 
and in view of the relatively large litters that are cast and nursed, 
this species when compared with the human being undergoes a much 
greater physiological strain during pregnancy and lactation. This 
is evidenced by marked decreases in the hematocrit values, in total 
cell volumes and in the scrum protein concentrations, by an appre- 
ciable plasma hydration, and in some cases by significant reductions 
in the total circulating serum protein. 

2. When pregnant dogs are fed a protein-free diet at a high level 
of caloric intake and are subjected to our standardized plasma- 
pheresis technique, it is possible to deplete the animal of its reserve 
serum protein stores and reduce the serum protein concentration to 
the basal level (3.5 to 4.2 per cent) within the extremely short period 
of from 2 to 3 days. This indicates that the dog during pregnancy 
possesses a very limited amount of reserve serum protein. 

3. Once the basal serum protein level is attained, the pregnant 
or lactating dog exhibits a marked impairment in its ability to regen- 
erate serum protein. The synthesis of body proteins in the fetus 
during pregnancy and the milk proteins during lactation is considered 
to be actually an internal plasmapheresis, leading to a depletion 
of the serum protein by the preferential utilization of the materials 
from which this complex is made. These parasitic effects on the 
maternal organism are believed to be of primary importance, over and 
above any hydremia, in causing the lowered serum protein concen- 
trations characteristic of pregnancy. 
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STUDIES ON EXPERIMENTAL HYPERTENSION 

VI. The Effect of Section of Anterior Spinal Nerve Roots 
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It has been shown that, in the dog, neither section of the renal 
nerves (1, 2) nor excision of the thoracic portion of the splanchnic 
nerves and lower four thoracic sympathetic ganglia (3) can prevent 
or reduce the type of hypertension which can be produced in animals 
(dog and monkey) by constricting the main renal arteries by means of 
a special clamp (4, 5). Recently it has been reported (6) that even 
total thoracic' and abdominal sympathectomy, including cardiac 
denervation, does not prevent or lower hypertension in dogs produced 
by" the same method. 

This report deals with the effect of section of anterior spinal nerve 
roots from the sixth dorsal to the second lumbar inclusive in pre- 
venting or reducing the persistent hypertension which can be pro- 
duced in normal dogs by constricting the main renal arteries. 

experiments 

In four dogs, by a single operation on each, under ether anesthesia, the anterior 
nerve roots of the spinal cord from the sixth dorsal to the second lumbar inclusive 
were severed. This was effected through a dorsal midline incision and laminec- 
tomy. The mean blood pressure of these animals was determined during the 
entire period of the experiment by a direct method. This consisted of the inser- 
tion into the femoral artery of a 21 gauge needle connected to a mercury manom- 
eter by rubber tubing filled with 2 per cent sodium citrate. Stopcocks were so 
arranged as to permit the building up of pressure in the manometer from a reservoir 

* This study was supported by the Beaumont-Richman-Kohn Fund and by a 
special grant in aid from the Josiah Mac y, Jr., Foundation. 
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of sodium citrate and, after the insertion of the needle into the artery, the instan- 
taneous communication of the manometer with the interior of the vessel. If the 
femoral nerve is avoided, the procedure appears to he quite painless and the animal 
remains very quiet during the determination. Only mean blood pressure is 
determined by this method but it has the advantage of being entirely objective. 
The length of the control period before the operation for section of the anterior 
nerve roots varied from 4 to 6 weeks. Another control period of from 4 days to 2 
weeks was allowed between section of the anterior nerve roots and the application 
of the clamp for constriction of the first renal artery. A short interval was also 
permitted between the operations for constriction of both main renal arteries. 

RESULTS 

In all four dogs the mean blood pressures either remained unchanged 
or fell slightly below their normal level for a varying period after 
section of the anterior nerve roots. In one dog, No. 3-03, it was still 
slightly lower, but in others it was at the original normal level at the 
time of constriction of the first renal artery. After permanent con- 
striction of one renal artery, the mean blood pressure became slightly 
to moderately elevated in three of the four dogs. In one dog, No. 
3-09, (Text-fig. 1) it remained unchanged during the 4 days which 
intervened between the clamping of the left and right main renal ar- 
teries. After permanent constriction of both main renal arteries, the 
blood pressure of the four dogs rose to a higher level and this elevation 
persisted or even increased. This is well shown in Text-figs. 1 and 2, 
which illustrate the mean blood pressure of dogs 3-09 and 3-10, re- 
spectively, throughout the entire experimental period. Dog 2-75 
showed moderate elevation of mean blood pressure following the con- 
striction of one main renal artery but it died before the clamping of 
the other artery was attempted. Dog 3-03 also developed elevated 
blood pressure, but after about 4 weeks it tended toward a lower 
level without actually returning to normal. This occurs occasionally 
in dogs with the renal arteries constricted and is probably due to the 
effect of the accessory circulation which may become very great and 
necessitates increased constriction of one or both renal arteries to re- 
elevate the pressure. In dog 3-03 the clamp on the left renal artery 
(the first one constricted) was tightened 3 months after it was applied. 
This resulted in re-elevation of the mean blood pressure which is now, 

2 months later, usually from 65 to 75 mm. higher than it was before 
the application of the first clamp. All but dog 2-75 are still alive. 








Text-Fig, 2. Dog 3-10. Female mongrel bulldog. Weight 10.6 kilos. NS. section of anterior spinal nerve roots from sixth 
dorsal to second lumbar inclusive. LK, moderate constriction left main renal artery. RK, moderate constriction right main renal 
artery, LKC, complete constriction left main renal artery. 

The mean blood pressure became elevated after the constriction of both main renal arteries. 
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In two dogs, Nos. 2-68 and 2-35, hypertension was first produced 
and the anterior nerve roots were sectioned after the blood pressure 
had remained elevated for several months. In dog 2-68 (Text-fig. 3), 
the left main renal artery was first constricted. This was followed 
by the development of moderate hypertension which persisted, with 
a tendency downward, for about 5 months. As part of another study 
(7), the ischemic left kidney was then excised. This was followed 
promptly by a return of the mean blood pressure to the normal 
level and it remained at that level for 2 months. The main artery' 
of the remaining right kidney was then constricted. The mean 
blood pressure rose to a very high level for a short time and then 
persisted at a lower but greatly elevated level. After 15 weeks of 
persistent hypertension, the anterior nerve roots from the sixth 
dorsal to the second lumbar inclusive were severed. The blood 
pressure has remained elevated after this procedure and has shown 
a gradual tendency upward (Text-fig. 3). The dog is still living. 
In the other dog, No. 2-35, systolic blood pressure was determined 
regularly throughout the entire experimental period by the van 
Leersum carotid loop method and occasionally by the direct method. 
The mean systolic pressure during a control period of 10 weeks was 
158 mm Hg. In this dog, bilateral splanchnic section within the 
thorax and excision of the lower four thoracic sympathetic ganglia 
failed to prevent the development of hypertension due to constriction 
of both main renal arteries (3). During the period between section 
of the splanchnic nerves and constriction of the first renal arteiy, 
the mean systolic pressure was 163 mm. Hg. After constriction of 
both main renal arteries, the mean systolic pressure was 244 mm. Hg. 
After this moderate degree of hypertension had persisted for more 
than 13 months, the anterior nerve roots from the tenth dorsal to the 
second lumbar inclusive were severed. There was a prompt fall of 
systolic and mean blood pressure after the operation and they re- 
mained lower for several weeks but did not fall to the normal level 
for this dog. Gradually the blood pressure has increased and now, 

3 months after section of the anterior nerve roots, it is almost back 
to the high level at which it was before the section of the anterior 
nerve roots. During the last 2 weeks the systolic pressure has varied 
between 220 and 240 mm. Hg. 
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DISCUSSION 

The failure of section of the anterior spinal nerve roots, from the 
sixth dorsal to the second lumbar inclusive, to prevent or reduce 
hypertension which can be produced by constriction of the main 
renal arteries (4, 5) is interpreted as due to the persistence of the 
effect of such constriction as long as the clamps remain applied. 
The same explanation applies to the failure of the other surgical pro- 
cedures that have been carried out on the nervous system of dogs 
(1, 2, 3, 6) to affect this type of experimental hypertension, for none 
of these procedures has any effect on the clamp. These experiments 
make it very unlikely that the origin of this type of hypertension is 
due to a reflex from the ischemic kidney. They also minimize the 
part played by the nervous portion of the vasomotor apparatus of 
all parts of the body except the kidney in initiating the elevation of 
the blood pressure. Persistent or frequent stimulation of the vaso- 
constrictor nerves of the kidneys alone would probably produce 
hypertension by constricting the arterioles and reducing the blood 
supply to the functioning components of the kidney. The rest of 
the mechanism would be the same as that following constriction of 
the main renal arteries. This is being investigated at the present 
time. The probability is great that the mechanism whereby con- 
striction of the main renal arteries results in hypertension is a hu- 
moral one, with a hypothetical effective substance of renal origin pro- 
ducing direct constriction of the muscle of the arterioles. This has 
been discussed at greater length in another publication (7). Since 
it is the narrowing of the arterioles and not of the main renal arteries 
that is associated with vascular hypertension in man, it is at least 
possible that section of vasoconstrictor nerves to the kidneys of 
hypertensive individuals would result in relaxation of the wall of 
renal arterioles in which the organic changes are not fixed. Improve- 
ment of the blood supply to the functioning components of the kid- 
neys would occur. Lowering of blood pressure has been reported 
in about the same percentage of cases as a result of a number of 
different surgical procedures on the nervous system (8-17). Com- 
mon to all is section of the vasoconstrictor nerves to the kidneys. 
This indicates that in all cases the beneficial effect may be due to 
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the relaxation of renal arterioles and improvement of circulation 
to the functioning components of the kidneys and not, as has been 
suggested, to the relaxation of arterioles in a large part of the vascular 
bed in the abdomen. The failure of these same procedures to affect 
experimental hypertension due to constriction of main renal arteries 
does not in any way controvert the results obtained in human hyper- 
tension. It merely emphasizes the importance of reduced blood sup- 
ply to the kidneys in the pathogenesis of this type of experimental 
hypertension and perhaps in human hypertension that is associated 
with renal arteriolar sclerosis. 

SUMMARY 

Section of the anterior spinal nerve roots from the sixth thoracic to 
the second lumbar inclusive did not prevent or significantly and 
permanently reduce hypertension produced by constricting the main 
renal arteries of dogs. The significance of these results for the patho- 
genesis of human and experimental hypertension is discussed. 
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Little doubt remains as to the chemotherapeutic activity of the 
substance now conveniently designated sulfanilamide (para-amino- 
benzene-sulfonamide) and its derivatives, in experimental and natu- 
rally occurring infections due to the streptococcus and perhaps other 
living disease agents. Some form of this drug would seem destined 
to assume an as yet not fully defined place in the treatment of infec- 
tions. An increasing appreciation of the therapeutic possibilities of 
this drug has followed rapidly on the striking experimental results of 
Domagk in 1935 (1). These results, however, were arrived at em- 
pirically, as has been the case with the discovery of most of the 
chemotherapeutic agents, and further analysis along practical lines 
has outstripped any definite information as to the precise method 
by which this substance acts therapeutically in the animal body. 

The very fact that this particular drug, although highly effective 
in the body, has no bactericidal effect on the streptococcus when 
added to nutrient media in the test tube, a fact that we have our- 
selves repeatedly verified, at once points to a necessary adjuvant or 
determinative action on the part of host fluids or host cells. Despite 
extended investigation, knowledge of the mechanism of host participa- 
tion in chemotherapeutic action in general, has lagged far behind 
practical therapeutic results (c/. 2). In the particular case that we 
are considering the possibility of cell intervention in sulfanilamide 
action has been considered from the very beginning. Domagk (1) 
noted an increase of mononuclear cells in the peritoneal exudate of 

* Aided by a grant from the Dr. Philip Hanson Hiss, Jr., Memorial Fund. 
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treated mice, and thought that the reticulo-endothelial system might 
participate more fundamentally in the drug action. Colebrook and 
Kenny (3) mentioned a similar possibility without experimental con- 
firmation. Levaditi and Vaisman (4) also noted a macrophage in- 
crease but found that blockade by colloidal copper combined with 
splenectomy in mice did not decrease the chemotherapeutic action. 
A similar negative effect of splenectomy alone has been described by 
Gross, Cooper and Peebles (5). With less well defined emphasis, 
Rosenthal (6) and Long and Bliss (7) have mentioned increased 
phagocytosis as probably adjuvant to the action of sulfanilamide but 
this has been specifically denied by Mellon, Gross and Cooper (8). 

Our long experience (9) in the study of experimental streptococcus 
infections in animals has led us increasingly to the conviction of the 
importance of the slowly mobilizable cells of the macrophage series 
in natural resistance and in acquired immunity to this microorganism. 
It was natural then that in analysis of a presumable cell intervention 
combined with a chemotherapeutic agent, particularly one that is 
specifically active against the streptococcus, we should turn to an 
experimental syndrome, streptococcus empyema in the rabbit, which 
has served as a basis of our study for many years. 

EXPERIMENTAL 

We have repeatedly described the method we have employed in 
provoking an extending and rapidly fatal empyema by injecting mini- 
mal amounts of a culture of hemolytic streptococcus “H” originally 
derived from man and still retaining its human characteristics (10) 
in spite of passage for nearly twenty years through the pleural cavi- 
ties of some 200 rabbits. This culture in a dosage of not over 10 
chains in an 18 hour broth culture (dilution 10~ 7 ) seeded directly from 
the conserved pleural fluid of a fatally infected rabbit usually kills 
in 4 to 6 days, on direct intrapleural inoculation. The virulence has 
remained relatively fixed for several years. 

Sulfanilamide 1 when given rabbits in relatively large amounts, be- 

1 We have employed for the most part the preparation known as prontylin 
(para-aminophenylsulfonamide) which the Winthrop Chemical Company has 
kindly prepared for us in crystalline form without the excipient employed in the 
tablets designed for oral administration. 
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ginning a few hours before intrapleural infection with 1000-2000 
m.l.d., and continued for at least seven doses during the first 2 days, 
aborts the otherwise fatal empyema. It requires three daily subcu- 
taneous doses of 20 cc. each of a 2 per cent solution of the sulfanil- 
amide crystals dissolved in boiling water and cooled to body tempera- 
ture, that is to say, 1.2 gm. of the drug daily, for at least 2 days or a 
total of almost 3 gm., to effect complete protection against the 
streptococcus. Smaller total amounts of the drug will at times pro- 
tect, that is to say, will lead to the complete sterilization of the pleural 
cavities and blood stream, but assured protection requires the larger 
dosage indicated. Even larger total amounts of the drug may be 
given without fatal result although they produce well defined symp- 
toms such as respiratory difficulty, reduction of the red blood cells 
and loss of weight. We have, for example, administered a total of 
10.8 gm. of sulfanilamide to a 2400 gm. rabbit within 10 days with- 
out fatality. 

Obviously we are dealing here only with a preventive action in- 
duced by sulfanilamide and not with a true curative effect. We have 
found, to be sure, that a rabbit in which treatment was begun 24 
hours after infection survived for 11 days as contrasted with the uni- 
form death of controls in 4 to 6 days. Another rabbit, with treatment 
beginning 48 hours after infection, died in 5 days, like the control. 
Our interest at this point lies solely in the study of the mechanism 
involved under conditions in which the drug is effective, irrespective 
of any practical therapeutic bearing it may have. 

Action of Sulfanilamide as Tested mill the Serum of Treated Animals 
in Vitro 

It is generally agreed that sulfanilamide and its derivatives have 
little if any direct effect on streptococci when added to culture media. 
On the other hand it has been found that the blood of man and ani- 
mals that have been treated with the drug may have a distinct inhibi- 
tory effect on the microorganism as contrasted with normal blood. 
As illustrated in our own experiments this bacteriostatic effect is 
transitory and never results in complete destruction of even a few 
chains of streptococci. 
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Experiment 1. — 0.1 cc. of a 1-1,000,000 dilution of an 18 hour streptococcus 
“H” culture (15 chains) was added to 1 cc. of the fresh blood serum of a normal 
rabbit. The same amount of culture was added to the serum of a rabbit that 
had been given four 20 cc. doses of 2 per cent sulfanilamide, from 26 to 3 hours 
before obtaining the blood. 0.1 cc. of these culture mixtures was plated out at 
intervals on blood agar in successive dilutions and the resultant colonies counted. 


TABLE I 

Action of Fresh Scrum from a Sulfanilamide Treated and a Normal Rabbit on 

Streptococcus “H” 




Number of chains per cc. 



5 brs. 

1 5 hrs. ] 

44 hrs. 

92 hrs. 

Treated rabbit’s serum 1 cc. + 0.1 
cc. (10 ®) broth culture strepto- 
coccus “H” (±15 chains) 

4000 

12,000,000 


60,000,000 

Normal rabbit’s serum 1 cc. -f- 0.1 
cc. (10~ s ) broth culture strepto- 
coccus “H” (±15 chains) 

11,500 

500,000,000 


90,000,000 


It is evident from Table I that although the streptococci are ini- 
tially (44 hours) inhibited in growth over the control, the number 
of colonies at the end of 4 days is practically the same. 

This contrast in action of drug treated rabbit’s serum can be defi- 
nitely increased if whole defibrinated blood or aseptically produced 
pleural fluid is employed and if the tubes are continually agitated in a 
shaking machine. In no instance, however, does the culture become 
sterile or is the resulting number of colonies at the end of several 
days remarkably different from controls with normal fluids. 

An experiment with serum only has been used for illustration as we 
wished to contrast this bacteriostatic effect in vitro of the fluid of the 
treated animal free from its cells, with what takes place in the body 
of a similar animal. 

In all instances successful abortion of the rabbit empyema syn- 
drome depends on the repeated injection of the drug and one might 
well question whether successive doses of sulfanilamide treated serum 
to a given culture dilution might not result in complete sterilization. 

Experiment 2. — 0.1 cc. of a 1-1,000,000 dilution of an 18 hour streptococcus 
“H” broth culture (15 chains) was added to 1 cc. of fresh blood serum of a normal 
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rabbit. The same amount of culture was added to the serum of a rabbit that 
had been given four 20 cc. doses of 2 per cent sulfanilamide, from 26 to 3 hours 
previous to obtaining the blood. At six intervals over a period of 6 days, 0.5 cc. 
of each mixture was plated out on blood agar in successive dilutions and the 
colonics counted. Following removal of the scrum for plating, 0.5 cc. of fresh 
corresponding serum, either control or drug-treated, was added to the remaining 
culture mixtures. 


TABLE II 

Effect of Successive Additions oj Fresh Serum from a Sulfanilamide Treated and a 
Normal Rabbit on Streptococcus "27” 





Number of chains per cc. 



m 

15 bn. 

44 hrs. 

92 hrs. 

120 hrs. 

144 hrs. 

Treated rabbit’s se- 
rum 1 cc. + 0.1 
cc. (10~*) broth 
culture strepto- 
coccus "H” (±15 
chains) 

2600 

1 3,000,000 

1,000,000 

II 

95,000 

1,100,000 

65,000,000 

Normal rabbit’s se- | 
rum 1 cc. + 0.1 | 
cc. (10-«) broth 
culture strepto- 
coccus “H” (±15 
chains) 

3700 

26,000,000 

480,000,000 

90,000,000 

400,000 ,000j 

500,000,000 


This experiment shows clearly that although successive additions of 
drug treated serum result each time in fresh inhibition of the strepto- 
coccus growth, and in spite of the fact that the total number of or- 
ganisms is divided in half before each addition of serum, the culture 
fails to become sterile. It is clear then that sulfanilamide cannot 
produce its maximal therapeutic effect simply as a chemical dissolved 
or transformed in the fluids of the body. 

The streptococcus that has been checked in its development in 
sulfanilamide serum shows distinct degenerative changes that are 
illustrated in Fig. 2. The chains elongate markedly and the indi- 
vidual cocci are swollen, and metachromatic in the sulfanilamide serum 
culture, as contrasted with their growth in normal serum (Fig. 1). 
These distorted cells, however, are still to a degree capsulated. Al- 
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though the sulfanilamide treated cocci on initial plating may show 
more “matt” colonies than the “mucoids” that are characteristic of 
the strain grown in normal serum, on subculture the matt colonies 
revert at once to mucoid. 2 Much more important is the fact that the 
culture treated repeatedly with the serum of sulfanilamide treated 
rabbits has lost none of its virulence. 

Thus in two different experiments cultures of streptococcus were 
prepared by growth in successive additions on the one hand of fresh 
normal rabbit serum, and on the other, of serum of a rabbit given 
several doses of sulfanilamide in the manner just described. After 
determination of the number of viable organisms in each culture 
mixture, dilutions were made in such a way as to insure approximately 
the same number of chains of the two different organisms. 

A series of rabbits was inoculated with dilutions at 10~ 7 , 10~ D and 
10~ 5 of the two cultures; that is, 10-13 chains, 100-130 chains and 
1000-1300 chains. The two rabbits given the smaller amounts of 
the two cultures survived, whereas those with the more concen- 
trated dilutions died of typical pleurisy. There is evidently then no 
essential loss in virulence in a sulfanilamide-serum treated strepto- 
coccus. 


Action of Sulfanilamide in Rabbit Empyema 

Preventive and continued treatment of rabbits with sulfanilamide 
in sufficient doses prevents the evolution of experimental strepto- 
coccus pleurisy as already stated. It remains to follow in more 
detail the changes that accompany this disappearance of the strepto- 
cocci in the body of the infected animal. 

For the purpose several series of rabbits, both normal and treated, were infected 
intrapleurally with comparable multiple doses (1000-10,000 times the lethal dose) 
of streptococcus “H,” and killed at intervals of 12, 24, 36, 48, 60 and 72 hours, 
that is to say, up to the period just before death naturally occurred in the controls. 
Treated animals were killed at later intervals to compare the findings with those 
of the controls as the latter died. 

The examinations included repeated leucocyte counts of the blood during life 
in selected cases. At death or on sacrifice of the animal cell counts were made 
on the exudate or washings from the infected pleural cavity with estimation of 


1Ve owe these observations to Mrs. Dorothy W. Miles. 
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the relative proportions, total number, and the condition of polymorphonuclear 
and mononuclear cells. Cultures were not only taken from both pleural cavities 
and the blood stream to indicate the extension of the process, but in the case 
of the infected pleural cavity the total number of living chains of cocci was 
estimated by plating. Histological studies were made in particular of both the 
visceral and the parietal pleura and in several instances of other organs, particu- 
larly of the liver, spleen and bone marrow. We present herewith a mere summary 
of the results obtained in these examinations. 

Changes in the Blood . — In control non-treated animals the cultures 
from the blood have been found positive for streptococcus in every 
instance from 12 hours onward. There is a drop in the total leucocyte 
count from 20 hours onward of from one-third to one-half the orig- 
inal number, and from 24 hours onward distinct degenerative changes 
were noted in the polymorphonuclear cells. From 48 hours onward 
the mononuclear cells increase to from two to five times the original 
number. 

In sulfanilamide treated animals the blood cultures are uniformly 
sterile. There is an increase in the total leucocyte count during the 
early period of infection which reaches from one and one-half to twice 
the original number of cells up to a period of, roughly, 40 hours. No 
degenerative changes in the polymorphonuclears were noted. From 
48 hours onward, as in the controls, the mononuclear cells increase 
from two to three times the original number. This relative and 
actual increase in mononuclears persists long after the infected pleural 
cavity has become sterile and the total leucocyte count has returned 
to normal. 

The Infected Pleural Cavity . — In the control untreated animal strep- 
tococci injected in the pleural cavity increase rapidly. In an animal 
killed in 12 hours, 6500 times as many organisms were found as had 
been injected; another at 24 hours gave the same number of multiples; 
in 48 hours estimates in two animals gave 8000 and 20,000 times the 
original number . Cultures from the left (uninoculated) cavity were 
positive in all instances from 12 hours onward. The amount of fluid 
in the cavity is found markedly increased from 24 hours onward to 
the time of death, the range being from 2 or 4 cc. in 24 hours to 15 or 
20 cc. at the end of 6 days. Throughout the series the cells that 
compose this exudate are predominantly polymorphonuclear, the 
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mononuclear clasmatocytes, so long as differentiation can be made, 
giving relative percentages of from 3 per cent to 16 per cent (average 
of 8). From 48 hours onward the polymorphonuclears are degen- 
erated so as not to be recognizable except by contrast with the mono- 
nuclear cells which may still stain fairly well for at least 2 days. 

In the sulfanilamide treated animals the pleural cavity reacts quite 
differently. In contrast to the immediate increase of cocci in the 
control to 6500 times in 12 hours, in the treated animal a single ani- 
mal showed an increase of only 10 times. In the 24 hour animals all 
three that were examined were positive in the right cavity but in 
two of these that were plated out the increase was X3 in one and a 
decrease in the other to such an extent that 0.1 cc. of the 1 cc. of 
broth used to wash the clean cavity gave no colonies on a plate, 
although a slightly larger amount in broth finally became positive. 
A single 36 hour animal gave exactly the same result as this last ani- 
mal. Of three animals killed at 48 hours two were completely sterile 
and one gave a reduction to 150 colonies for the entire cavity from 
the 37,000 originally introduced. All subsequent cultures from the 
right cavity in fully treated animals that were observed from 72 
hours onward remained completely sterile. With the exception of 
one animal killed at 12 hours and another at 48 hours, the left (unin- 
oculated) cavities never yielded positive streptococcus cultures. 

The amount of exudate in the inoculated pleural cavities of the 
treated animals was in sharp contrast to that observed in the con- 
trol animals. In only one instance (48 hours) was any measurable 
amount of fluid present; estimates in the others, both of the strepto- 
coccus and of the exudate, were made by introduction, agitation and 
removal of a small amount of sterile bouillon. The relative cell 
counts showed a comparatively small number of polymorphonuclear 
cells throughout this series since the clasmatocytes ranged from 6 to 
73 per cent (average 33 per cent) during the sterilizing period of 48 
hours. This resembles the findings noted by Gay and Morrison (11) 
who found that rabbits protected by preparation with broth showed 
essentially normal pleuras after infection, although in this case the 
sterilization (ll) 3 was accomplished within 24 hours. A further 


3 Gay and Morrison (11), table 6. 
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contrast between the exudates in treated and untreated animals, 
apart from the volume and the relative proportions of cells, lies in the 
superior condition of both types of cells in the treated series. This is 
evident even in the exudates of animals insufficiently treated with 
sulfanilamide that die after the control death period of streptococcus 
invasion. In the control animals the more labile polymorphonudears 
begin to show distinctive degenerative changes as early as 24 hours 
although the lower percentage of dasmatocytes remain relatively 
intact for 24 hours longer. Throughout the treated series both types 
of cells remain relatively normal in appearance. In the treated series 
phagocytosis by mononudears is evident and red-staining (dead) 
chains are notable (Wright stain). This is apparent in spite of the 
fact that the restricted number of cocci present in the treated animals 
makes the organisms difficult to find. 

Histological Basis of the Resistance Induced by Sulfanilamide 

Our previous studies (12) on enhanced local resistance of the pleura 
to virulent streptococcus, particularly as produced by various inert 
substances such as broth, aleuronat and gum arabic, have dearly 
demonstrated that it is due to accumulations of mononuclear cells in 
adjacent tissues. These results have been amply confirmed by num- 
erous observers. It is natural then that we should have sought for 
histological changes, whether local or general, in rabbits protected 
from streptococcus empyema by means of sulfanilamide. Our previ- 
ous studies had led us to the conviction that the mononuclear cells 
accumulated in the subserous layers of the pleura were largely local 
in origin, that is to say, developed from the dasmatocytes (Ranvier), 
or tissue macrophages, of the connective tissue. We have found 
no evidence of passage of these cells through the general circulation 
from more remote areas of the reticulo-endothelial system. We 
confess to no profound study of such tissues as the spleen, liver and 
bone marrow in search of a possible remote origin of such cells in our 
previous work. In connection with this work on sulfanilamide we 
have, however, examined not only the circulating leucocytes in in- 
fected and normal animals, with and without drug treatment, but 
also the organs that have been mentioned. We have found no 
histological evidence from this study that sulfanilamide acts through 
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a general stimulation of the reticuloendothelial system, a conclusion 
in agreement with the blockade and splenectomy studies of others 
that have been mentioned in the introduction. 

There remains, however, the possibility that sulfanilamide itself 
stimulates the local accumulation of mononuclear cells in the pleural 
wall whenever an irritant is injected into the pleural cavity. To test 
this possibility we have undertaken two experiments. 

Experiment 3 . — Twelve adult rabbits were given each 3 cc. of 5 per cent 
aleuronat plus 3 per cent starch in the right pleural cavity. Six of these rabbits 
were given subcutaneous injections of sulfanilamide (20 cc., 2 per cent) three 
times daily beginning 4 hours previous to the aleuronat injections. The other six 
received none. The drug injections were continued until 3 hours before the ani- 
mals were sacrificed. Three animals of each series were killed within 24 hours 
after the aleuronat injections; two each at 48 hours, and one each at 72 hours. 
The exudates and sections from lung and parietal pleura were studied from the 
viewpoint of total numbers and relative properties of cells. 

The histological picture on comparing these two series was indis- 
tinguishable, except as regards individual variations. In 24 hours 
in both sulfanilamide and control series the exudate and the subse- 
rous accumulations of cells are predominantly polymorphonuclear; in 
48 hours the cells are mixed, and in the 72 hour animals mononuclear 
cells predominate. If anything, the mononuclear cells in the non- 
treated aleuronat series exceeded on an average those in the sulfanil- 
amide aleuronat series. The conclusion is that this drug does not 
accelerate or increase mononuclear cells in the pleural wall when a 
sterile irritant is used. 

The further possibility exists, however, that the peculiar relation- 
ship between mononuclears, sulfanilamide and streptococcus might 
give different results if streptococci were the irritant employed. To 
test this possibility we undertook a further experiment. 

Experiment 4 . — In this double experiment, a small series, three each, of sulfa- 
nilamide treated and untreated rabbits were given SOO million formalin killed 
and washed streptococci in the pleural cavity and representatives of each series 
sacrificed at 13, 24 and 48 hours. In a second group of treated and untreated 
animals, two injections of killed streptococci were given at intervals and the 
animals in pairs were sacrificed 6 hours after the last streptococcus injection. 
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Exudates and sections from the parietal pleura from the two series 
gave individual differences that seemed notable but that were not 
consistent as contrasting between the two series. We are uncon- 
vinced that in this particular experiment sulfanilamide treatment 
showed distinctive stimulating effect for mononuclear ceils even in 
the presence of streptococcus protein. 

The failure to demonstrate any distinctive mobilizing power for 
mononuclear cells on the part of sulfanilamide when the pleural 
cavity is irritated either by an indifferent substance or by strepto- 
coccus protein, renders the consistent histological findings in infected 
animals cured by sulfanilamide more striking. 

Wc have studied with particular completeness and in sufficient 
numbers the pleural tissues (visceral and parietal) throughout the 
critical period (12 to 72 hours) during which cure is established in 
the sulfanilamide treated animals, and by the end of which time 
deaths began to occur in the controls. 

At the 12 hour stage the only change noted in the tissues in repre- 
sentatives of both series was congestion with slight hemorrhage of the 
vessels of the serosa but without distinctive cell accumulations. 

At 24 hours a difference in the two series begins to appear. Al- 
though polymorphonuclear cells predominate in both they are pres- 
ent in larger numbers in the sulfanilamide animals and are found 
deeper down among the muscle bundles of the parietal wall. A con- 
siderable number of mononuclear cells was also noted in one of the 
treated animals. The sharp histological differentiation begins, how- 
ever, at 36 hours and continues onward with increasing emphasis. 

In the control animals the polymorphonudears predominate 
throughout the life of the animal and become increasingly degen- 
erated until death. Necrosis in the muscle bundles begins to appear. 
Although mononuclear cells appear in small numbers and are at first 
relatively intact they too become degenerate in appearance by 72 
hours (Fig. 3). 

Among the treated animals a few mononuclears are evident as early 
as 24 hours and from 36 hours onward they are the increasingly 
predominant cell. They are found massed deep down among the 
muscle bundles and particularly along the septa as well as in the sub- 
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serous layer of connective tissue which has thickened to accommodate 
them. The subserous layer of the visceral pleura (Fig. 4), which is 
very thin normally, thickens notably and nodules of mononuclear 
cells accumulate around the adjacent alveoli. These cells (septal) 
are at times in active mitosis. These mononuclear cell accumula- 
tions are not so striking at the exact period (48 hours) when complete 
sterilization of the cavity has just occurred and they are still inter- 
spersed with polymorphonuclear cells. They become more notable 
from 4 days onward (Figs. 5, 6 and 7) and most marked of all in 
those cases where death was merely delayed until the 9th or 11th 
day through inadequate treatment. 

DISCUSSION AND CONCLUSIONS 

Sulfanilamide prevents the evolution of an invariably fatal strepto- 
coccus empyema in rabbits when it is given repeatedly and in suffi- 
cient doses subcutaneously. Complete sterilization of the inoculated 
cavity occurs on approximately the 2nd day. The serum, defibrin- 
ated blood and artificial pleural exudate of similarly treated animals 
inhibits the growth of the same streptococcus in the test tube but 
even repeated doses of such treated blood serum fail to sterilize 
the culture. The coccal chains grown in such drugged serum are elon- 
gated and present pleomorphic and metachromatic organisms and 
may give rise to colonies that are at first less predominantly mucoid 
in appearance. Such organisms have, however, lost little if any of 
their virulence. 

Cooperation on the part of locally derived clasmatocytes is appar- 
ently required in complete sterilization of the animal body. This 
conclusion is reached not only by a process of exclusion from com- 
parison with the test tube results, but through the direct histological 
demonstration of a precocious and increasing mobilization of clasma- 
tocytes in the parietal and visceral pleura of treated animals. 

In other words, sulfanilamide apparently produces a bacterio- 
stasis sufficiently marked to protect the accumulated leucocytes and 
to allow the natural defense macrophages to accumulate. There is 
direct evidence that the drug does not in itself stimulate the mobiliza- 
tion of the macrophages. There is no evidence that the cell reaction 
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which finally accounts for disposal of the organisms is other than 
local. 
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EXPLANATION OF PLATE 14 

Fig. 1. Streptococcus “H,” grown for 92 hours in three successive additions of 
fresh normal rabbit serum. X 1700. 

Fig. 2. Streptococcus “H,” grown for 92 hours in three successive additions of 
fresh serum from a sulfanilamide treated rabbit. X 1700. 

Fig. 3. Visceral pleura and lung of untreated control rabbit 16-75. Killed 
48 hours after intrapleural infection with streptococcus. Zenker (without acetic 
acid) fixation. Eosin and methylene blue. X 96. 

Extensive polymorphonuclear exudate on surface of the lung. Serosa merely 
suggested by wavy line. Infiltration of subserous layer and adjacent alveoli by 
polymorphonuclears. 

Fig. 4. Visceral pleura and lung of sulfanilamide treated rabbit 7-06. Killed 
48 hours after infection with streptococcus. Fixation, staining and magnifica- 
tion (X 96) as in Fig. 3. No exudate. Serosa intact. A slight but almost 
entirely mononuclear infiltration of cells in subserous layer. 

Fig. 5. Parietal pleura of control rabbit 16-67. Death 90 hours after infection 
with streptococcus. X 144. 

A thick necrotic exudate on surface with no intact cells left. Few cells in 
subserosa, mostly polymorphonuclears, and for the most part with pyknotic 
nuclei. Adjacent muscle bundles necrotic. 

Fig. 6. Parietal pleura of rabbit 16-64 treated with sulfanilamide and killed 
90 hours after infection. Cultures all sterile. No exudate. Serosa somewhat 
thickened. Moderate infiltration of mononuclear cells in widened subserous 
layer. Nests of mononuclear cells between normal muscle bundles. X 144. 

Fig. 7. Visceral pleura of same rabbit (No. 16-64) as in Fig. 6. X 412. 

No exudate. Serosa normal. Dense masses of mononuclear cells in subserous 
layer apparently arising from alveolar walls. Terminal bronchi (not shown in 
illustration) are in places filled with mononuclear cells. 
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The cellular aspects of immunity to poliomyelitis, almost com- 
pletely overshadowed by the intensive investigations conducted on 
its humoral features, have received far less attention than they 
merit. Leiner and von Wiesner (1) were unable to detect poliomye- 
litis virus in the spleen, and Levaditi (2) states that the virus is not 
found in the kidney, bone marrow, liver or spleen. Flexner and 
Amoss (3), however, found that the virus survived in the spleen for 
at least 17 days after intravenous inoculation, but that its “virulence” 
had been diminished, Brebner (4) stressed the fact that many intra- 
cerebral lethal doses of virus can be injected directly into the spleens 
of normal monkeys with little danger of infection resulting, but that 
similar injections into immune monkeys are followed by a severe, 
possibly anaphylactic, reaction and death (5). 

The experimental work reported here is concerned with the effect 
of splenectomy on resistance to poliomyelitis and with the r61e of 
the spleen in fixing and disposing of the virus. Rhesus monkeys 
( Macaca mulatto) were used in all the experiments. 

Eject of Splenectomy on Resistance to Infection 

The functional rfile of the spleen in resistance to infection has 
been the subject of numerous investigations; as a result of these 
studies it is generally accepted that this organ is intimately asso- 
ciated with immune states, natural or acquired. Most investiga- 
tions, however, have been concerned with bacteria or other large 

•This work was supported by grants from tbe Milbank International Com- 
mittee for the Study of Infantile Paralysis and fromThe Rockefeller Foundation 
to The University of Chicago. 
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forms, sucli as the blood protozoa, the filterable viruses receiving 
little consideration. 

The importance of the spleen in an infection due to a highly neuro- 
tropic virus such as that of poliomyelitis, which apparently follows 
a direct course from the nasal mucosa to the central nervous system 
via the olfactory nerves (6), depends a great deal on whether the virus 
remains confined to its neural pathways or whether it circulates in 
the blood at any period during the pathogenesis of the disease. Since 
attempts to demonstrate poliomyelitis virus in the blood stream fol- 
lowing its intracerebral or intranasal administration have seldom 
been successful (7), and since introduction of the virus by either of 
these routes is practically always followed by the clinical disease, 
we resorted to intravascular inoculation, which is effective only when 
large amounts of virus are injected. 

M ethods 

Test monkeys were splenectomized under deep ether or nembutal anesthesia 
2 to 3 weeks prior to inoculation, so that the inflammatory reaction about the 
incision would have an opportunity to subside and healing occur, thus preventing 
possible infection of local nerve tissue. Splenectomized convalescent or im- 
munized monkeys and non-splenectomized normal monkeys were used as controls. 

The MV strain of virus was used in all the experiments here reported, the 
inoculum being prepared by grinding pooled, glycerolated poliomyelitic spinal 
cords with sufficient physiological salt solution to give a 10 per cent suspension, 
which was then centrifugated at 2,000 r.p.m. for 30 minutes. The markedly 
turbid supernatant was drawn off, filtered through paper and injected intra- 
venously; inoculation was done very slowly through a fine needle, since such 
preparations were found to be quite toxic and occasionally caused an anaphylaxis- 
like reaction with death. 

When large amounts of virus (2 or 3 daily injections, see Table I) 
were given intravenously to non-splenectomized control monkeys, 
half the animals (9 of 18) became infected, while the same propor- 
tion of splenectomized monkeys (4 of 9) succumbed when given 
similar treatment. None of 14 immunized or convalescent ani- 
mals without spleens reacted to these large doses of virus. On 
the other hand, when smaller doses of virus (single injections, 
Table I) were administered to 6 normal monkeys as controls, none 
showed any reaction, whereas 2 of 5 monkeys previously splencc- 
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tomized became paralyzed. 1 This was the only evidence that splenec- 
tomy played any part in lowering the resistance of the experimental 
animal to intravenously injected virus. 

These results suggest that when large doses of virus are used in- 
fection possibly results from an overwhelming of the defensive 
mechanisms of the nasal mucosa (8) or from penetration of the virus 
through some other barrier (9), regardless of whether or not the spleen 
is present, and is a chance occurrence. Conversely, small amounts 
of virus may fail to infect the intact animal because they are quickly 
fixed by the spleen and so fail to reach the central nervous system, 


TABLE i 

Effect of Splenectomy on Infection by the Intravenous Route 



Virus dosage (tO ec.) j 

Number of 

Poliomyelitis 

Description 

1 Injections 

Virus 

monkeys 

inoculated 

Number 

positive 

Number 

negative 

Splenectomized immune and con- 

2 or 3 

per cent 

5 or 10 1 

14 

0 

14 

valesccnt monkeys 

Splenectomized normal monkeys 

2 or 3 

5 or 10 

9 

4 

5 


1 

10 

5 

2 

3 

Non-splenectomized normal mon- 

2 or 3 

5 or 10 

18 

9 

9 

keys 

1 

10 

6 

0 

6 


whereas in the absence of the spleen the virus may possibly circulate 
freely for a sufficiently long interval to reach the nervous system and 
initiate infection. 

We next attempted to determine the effect of splenectomy subse- 
quent to inoculation. The intravenous and intrasplenic routes of 
inoculation were used. 

Six monkeys were given one intravenous injection of 10 cc. 10 per 
cent virus suspension and pairs of them splenectomized at 1 , 3 and 5 
day intervals after the injection. Observations and temperatures 
were recorded daily for 4 weeks, but no reaction to the virus was 
noted at any time (Table II). Splenectomy, therefore, did not 

In another connection, we have recently injected a seriesof 23 intactnormal 
monkeys with similar single doses of virus, and in no case did paralysis ensue. 
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render these animals susceptible to doses of virus subinfective for 
non-splcnectomized monkeys. 

Using the intrasplenic route, essentially the same results were 
obtained (Table III). The spleens were exteriorized to minimize 
leakage of the inoculum into the peritoneal cavity or. subcutaneous 
tissues and to avoid entering the belly twice. Exteriorizing was 


table n 

Effect of Removing Spleen at Various Intervals after Intravenous Administration 

of Virus 


Number of mon- 
key's inoculated 

Date o{ injection* 

Date of splenectomy 

Interval 

Results 

2 

July 20 

July 21 

days 

l 

No infection 

2 


“ 23 

3 

it it 

2 

“ 20 

“ 25 

5 

a it 


* 10 cc. 10 per cent virus-cord intravenously. 


TABLE ni 

Effect of Removing Spleen at Various Intervals after Intrasplenic Administration 

of Virus 


Monkey 

Date of injection* 

Date of splenectomy 

Interval 

Results 

7 

Apr. 24 

Apr. 25 

days 

1 

Poliomyelitis 

s 

" 16 

“ 17 

1 

No infection 

9 

“ 16 

“ 19 

3 

If <( 

10 

“ 16 

“ 19 

3 

if u 

11 

“ 16 

“ 21 

5 

M it 

12 

“ 24 

“ 29 

5 

tt it 


* 2 cc. 10 per cent virus-cord intrasplenically. 


accomplished by loosely suturing the abdominal muscles about the 
splenic pedicle and closing the skin over the spleen. Enough of the 
pedicle was brought out to make the subsequent splenectomy simple; 
the skin was incised to expose the spleen, the pedicle was clamped 
off, the spleen removed and bleeding vessels tied off or cauterized. 
Careful inspection for remnants of splenic tissue was made before 
closing the incision. 
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Six monkeys with exteriorized spleens were injected intrasplenically 
with 2 cc. 10 per cent virus suspension 2 weeks after operation. 
Splenectomy was done 1, 3 and 5 days after injection. In only one 
instance did infection occur; this was in a monkey splcnectomized 
24 hours after injection, paralysis appearing 6 days after the opera- 
tion. We believe that infection in this animal was probably caused 
by leakage of the virus into the peritoneal cavity or subcutaneous 
tissues because: (a) doses of virus 5 times larger than the one used 
here uniformly failed to produce infection by the intravenous route, 
and (i) a large part of the inoculum, as will be shown later, is fixed 
by the spleen and so removed from the body when the spleen is re- 
moved. This experiment, therefore, did not demonstrate that splen- 
ectomy subsequent to intravenous or intrasplenic introduction of 
virus served to decrease resistance. This absence of increased sus- 
ceptibility, however, may be due in major part to the removal of a 
large portion of the infectious agent from the body after its accumu- 
lation in the spleen. 

Attempts to Infect Monkeys by Intrasplenic Injections of Virus 

The experiments just described show that small doses of virus 
given intrasplenically are no more effective in producing poliomyelitis 
than are similar doses given intravenously. We were interested in 
determining the effects of repeated administrations of virus intra- 
splenically, since Brebner (4) and Schaeffer (10) state that many 
lethal intracerebral doses of virus can be given by this route without 
infecting the animal. 

Seven monkeys with exteriorized spleens were given intrasplenic 
injections of virus at weekly intervals. 3 other animals were given 
only 2 injections with a 2 day interval between the inoculations. 
The results (Table IV) confirm the findings of Brebner and Schaeffer. 
Only 2 of the 10 animals succumbed to infection, and the possibility 
of virus leakage into the peritoneal cavity or subcutaneous tissues, 
or infection of nerve endings within the spleen, cannot be ruled out. 
. The administration of virus by this route leads to the appearance 
of humoral antibodies, 2 injections presumably being sufficient to 
stimulate their formation in amounts detectable by our usual serum 
neutralization technic (1.5 cc. of serum mixed with 0.5 cc. 1 per cent 
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virus, the entire amount being injected intracerebrally into test mon- 
keys after incubation for 2 hours at 37°C. and overnight in the 
refrigerator). 


Fixation of Virus by the Spleen 

Luckhardt and Becht (11) found that antigen 2 injected intraven- 
ously accumulates in the spleen in considerable quantity. Topley 
(12), using Bacterium paratyphosum B, noted that the spleen rc- 


TABLE IV 

Effect of Inlrasplcnic Inoculation of Poliomyelitis Virus 


Monkey* 

Intrasplenic injection 

Number of 
weekly 
injections 

Results 

Serum neutrali- 
zation test* 

13 

2 cc. 10 per cent virus 

it 

Poliomyelitis 

0 

14 

J II 9Q t 1 It it 

3t 

it 

0 

15 

J ft 9Q ft ft ft 

6 

No infection 

Positive 

16 

2 ft 9Q It It it 

6 

(( tl 

H 

17 

1 20 il i{ u 

6 

H II 

II 

18 

1 20 *• " “ 

6 

tl it 


19 

1 ** 20 ** “ 44 

6 

tl II 



2 11 10 <c 44 ** 

2t 

it tl 

II 


2 *i |Q <« << a 

2t 

il il 

It 


9 it jo 44 44 44 

2t 

it it 

Negative 


0 = not done. 

* Serum obtained 4 weeks after injection of virus. 

t Poliomyelitis before series carried further; monkey 13 became paralyzed 7th 
day after injection, monkey 14 on the 4th day after the 3rd injection. 

J Injections given 2 days apart. 

moves much of the antigen from the blood and is active in destroying 
it. Accumulation and destruction in the spleen of malarial parasites, 
organisms especially suitable for studies on cellular immunity, has 
been described in detail recently by Taliaferro and Cannon (13). 
Deutsch (14) observed that splenectomy performed before inoculation 
of bacterial antigen everted little or no effect on subsequent antibody 
production, while splenectomy done 3 to 5 days after inoculation 
significantly depressed antibody formation. 


• Goat’s red blood cells, injected into dogs. 












EDWIN n. LENNETTE 


SS5 


To determine the ride of the spleen in fixing and disposing of the virus, 18 
monkeys, including immune animals as controls, were injected intravenously or 
intrasplenically. Single injections of virus were given in every instance; 10 cc. 
of a 10 per cent virus suspension intravenously, or 2 cc, of the same suspension 
intrasplenically. On the 1st, 3rd and 5th days of the experiment the spleens 
were removed aseptically under ether or nembutal anesthesia. Immediately 
after removal the spleens were ground with 3 volumes of sterile saline and the 
suspension placed in the refrigerator for several hours to allow settling of large 
particles; 2 cc. of the supernatant fluid was injected intracerebrally into test 
monkeys. 


TABLE V 


Accumulation of Poliomyelitis Virus in the Spleen after intravenous injection 


Spleen of monkey 

History of monkey 

Interval between 
■ inoculstlon tn4 
splenectomy 

Test monkey* 

Results h test monkeys 



days 



A 

Normal 

1 

23 

Poliomyelitis 

B 

“ 

1 

24 

•• 

C 

Convalescent 

1 

25 

No infection 

D 

“ 

i 

26 

M ll 

E 

Immune 

1 

27 

«< II 

F 

Normal 

3 

28 


G 

“ 

3 

29 

tt II 

H 

•• 

S 

30 

<i n 

j 

M 

5 

31 

<i i< 

K 

Convalescent 

S 

32 

ii (i 

L 

Immune 

5 

33 

it n 

M 

“ 

5 

34 

a ii 


' Each animal received intracerebrally 2.0 cc. of a 25.0 per cent crude suspen- 
sion of spleen in saline. 


The suspensions of spleens removed from normal monkeys 24 hours 
after inoculation of virus into the blood or spleen contained virus 
demonstrable by inoculation tests, while spleens removed on the 3rd 
and 5th days did not (Tables V and VI). In no instance was virus 
detectable in the spleens of immune animais. No attempt was made 
to detect virus in the blood at the time of splenectomy, since Clark, 
I'raser and Amoss (15) have found that the virus persists in the blood 
or at least 3 days when large amounts (180 cc.) are administered 
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intravenously, but is detected only occasionally at the end of 24 
hours when small amounts (10 cc.) are given. 

Virus introduced into the blood stream of normal monkeys, then, 
rapidly accumulated in the spleen, persisted for at least 24 hours and 
disappeared by the 3rd day. The failure to detect virus in immune 
spleens is perhaps due to its neutralization by humoral antibodies 
or to rapid destruction by sensitized splenic tissue (16). 

To determine the fate of the virus, w r e tested for the presence of 
neutralizing antibodies in the sera of monkeys splenectomized before 
and at intervals after intravenous injection of virus. 


TABLE VI 

Fixation and Destruction of Poliomyelitis Virus by the Spleen after Intrasplcnic 

Injection 


Spleen of monkey 

History of monkey 

Interval between 
inoculation and 
splenectomy 

Ttst monkey* 

Results in test monkeys 

N 

Normal 

days 

1 

35 

Poliomyelitis 

P 

tt 

1 

36 

tt 

Q 

If 

3 

37 

No infection 

R 

tl 

3 

38 

tt It 

S 

It 

5 

39 

It tt 

T 

It 

5 

40 

tt It 


* Each monkey received 2.0 cc. intraccrebrally of a 25.0 per cent crude sus- 
pension of spleen in saline. 


Eight non-splenectomized normal monkeys and 2 splenectomized normal mon- 
keys were given a single injection of 10 cc. 10 per cent virus intravenously. The 
splenectomized monkeys and 2 of the intact animals served as controls; the 
remaining 6 animals were splenectomized at 1, 3 and 5 day intervals, as shown in 
Table V (monkeys A, B, F, G, H and J). 

All the experimental animals survived without signs of infection; 
sera obtained 4 to 6 weeks after inoculation were tested for antiviral 
properties (Table VH), 1.5 cc. of serum being tested against 0.5 cc. 
1.0 per cent virus. Table VII shows that neutralizing antibodies 
were present in the sera of both the non-splenectomized controls and 
the animals splenectomized prior to inoculation. Those animals 
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which were splenectomized subsequent to inoculation, however, 
failed to develop neutralizing antibodies. 

Removal of the spleen 2 weeks prior to inoculation, therefore, did 
not qualitatively affect antibody formation. Splenectomy within 5 
days after inoculation, however, seemed to suppress antibody forma- 
tion. The simplest explanation appears to be that in the absence 
of the spleen other parts of the rcticulo-endotbelial system remove the 


table vn 

Effect of Splenectomy on Antibody Formation after Intravenous Administration 
of Virus * 


Mon- 

key 

Treatment 

Result* 

Serum neti 
tr&liz&tion 
teitt 

n 

Splenectomized 14 days before inoculation 

No infection 

Positive 

H 

“ 14 “ “ “ 

ii ii 

II 


Splenectomized 1 day after inoculation 

it ii 

Negative 

B 

1 “ “ 

„ 

11 


Splenectomized 3 days after inoculation 

ii ii 



« 3 “ “ “ 

ii ii 

" 


Splenectomized 5 days after inoculation 


.. 

j 

“ 5 " « “ 

it ii 

ii 

43 

Non-splenectomized control 

it ii 

Positive 

44 

<> ii ii 

ii ii 

ii 


* Each animal received one dose of 10.0 cc. 10 per cent crude virus-cord sus- 
pension. 

t Serum obtained 4 to 6 weeks after inoculation. 


virus from the circulation; the spleen, when present, filters out an 
appreciable amount, as evidenced by the fact that spleens removed 
24 hours after vascular inoculation contain active virus. Inasmuch 
as removal of the spleen at this time leads to a simultaneous removal 
of antigen, little or no antibody formation might be expected. The 
fact that spleens removed on the 3rd and 5th days contain no demon- 
strable virus, and the animals from which such spleens are removed 
fail, in contrast with control animals, to develop antiviral bodies, 
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suggests that little or no virus escapes from the spleen after its fixa- 
tion there, and that it is destroyed in situ. These findings agree 
with those of Topley (12) and Deutsch (14), who used bacterial 
antigens. 

Attempts to Deled Virus in the Spleens of Poliomyelitic Monkeys 

The hyperplasia of lymphoid tissue which occurs throughout the 
body in human and experimental poliomyelitis has been interpreted 
by many authors as evidence of a systemic infection (7 a), a view 
supported by the claims of clinicians that patients react as to a gen- 
eralized infection. The virus has not been detected in human blood 
(7 a) even vriien large amounts have been tested, but lias been found 
occasionally in monkey blood (7 a) at the height of paralysis. Failure 
to isolate the virus more frequently may be due to the presence of 
neutralizing antibodies, which have been detected in the blood of 
monkeys 36 hours after the onset of paralysis (17) and in human 
cases during and even prior to paralysis (18), but since the virus 
displays such great affinity for nervous tissue, one would expect to 
find little outside the central nervous system. According to Fair- 
brother and Hurst (19), aside from the central nervous system the 
virus is found with regularity only in the tonsils and nasopharyngeal 
mucosa. 

In the experiments described above, the virus, when administered 
intravenously or intrasplenically, was demonstrated in the spleen at 
the end of 24 hours, but not at 72 hours. Inability to detect the virus 
under these conditions, as well as in the blood of human cases, and 
of monkeys inoculated by other routes, may rest on its destruction 
by phagocytes or neutralization by antibodies. The latter possibility 
is of fundamental importance as well as of considerable interest. 
The simultaneous presence of virus and antibodies in the blood has 
been demonstrated in experimental vaccinia by Smith (20) and in a 
human case of yellow fever by Berry and Kitchen (21). Discussing 
such observations, Topley and Wilson (22) point out that “caution 
should be exercised in assuming that any tissue extract or body 
fluid is necessarily free from living virus because it is not infectious.” 

To gain information on these points v.e prepared extracts of spleens removed 
from 10 monkeys in the acute stage of poliomyelitis following intracerebral 
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inoculation of virus. Crude suspensions were made of 5 spleens by grinding the 
tissue with 3 volumes of saline and freezing and thawing 10 times in a carbon 
dioxide-alcohol mixture. After several hours in the refrigerator to allow coarse 
particles to settle out, 2.0 cc. of the supernatant fluid was injected intra cerebrally 
into test monkeys. None of these animals showed any clinical evidence of infec- 
tion. 2 were subsequently inoculated intracercbrally with 1.0 cc. of 1.0 per cent 
crude virus-cord suspension and succumbed to poliomyelitis. Another pair was 
sacrificed to examine the spinal cords, which in both instances were found to show 
no histological evidence of poliomyelitis. 

The remaining 5 spleens were perfused with physiological salt solution, until 
the perfusate -was clear and the organ acquired a pale yellow to white color. The 
tissue was then ground with 3 volumes of saline, frozen and thawed 10 times in 
a carbon dioxide-alcohol mixture and injected intracercbrally (2.0 cc.). One test 
animal succumbed to poliomyelitis, paralysis appearing 15 days after inoculation 
of the splenic extract; the other 4 gave no evidence of infection. 2 died of inter- 
current infection 1 and 3 months after inoculation and 2 were sacrificed at the 
end of 2 months observation. In 2 of these animals the histologic findings were 
negative, in one the findings were compatible with a diagnosis of poliomyelitis 
but were not typical of the experimental disease, and in one typical poliomyelitic 
changes were present. 

The failure to demonstrate virus in crude suspensions, in contrast 
to extracts of the perfused organs, may depend on the concomitant 
presence of antibodies. To test this hypothesis, the following experi- 
ments were done. 

Experiment 1 . — The spleens of 2 normal and 2 immune monkeys were removed 
aseptically and ground with sterile saline to give a 25 per cent suspension. After 
the coarser particles had settled out, 1.5 cc. of the turbid supernatant was mixed 
with 0.5 cc. of a 1.0 per cent crude virus-cord suspension. The mixtures were 
incubated 2 hours at 37°C., and overnight in the refrigefSior; after being warmed 
to body temperature, 2.0 cc. was injected intracercbrally into monkeys. Sus- 
pensions of immune spleens neutralized the virus, while both normal spleens 
failed to do so (Table VIII). 

Experiment Z . — Spleens were removed aseptically from 9 monkeys (3 immune, 
3 normal and 3 dying of poliomyelitis) and perfused with physiological salt solu- 
tion until the perfusate was clear. At the end of this treatment the spleens pre- 
sented a glistening, yellow, wax-like appearance. Microscopic sections showed 
t e presence of a relatively small number of red blood cells and also that a large 
part of the pulp cells had been washed out. The perfused spleens were ground 
with salme to make a 25 per cent suspension, the supernatant being a yellowish, 
heavily opalescent fluid as compared with the deep brown-red of the crude 
suspensions. The extracts were frozen 10 times in a carbon dioxide-alcohol mix- 
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ture, passed through a Berkefeld N filter and the filtrates used in neutralization 
tests, which were done in the same manner as for the crude suspensions above. 
No neutralization of the virus occurred with any of the extracts (Table VIII). 


TABLE Vni 

Tats for Neutralizing Antibodies in Crude and in Perfused Extracts of 
Monkey Spleens 


Tot 

monkey 

J Spleen from 

Intracerebral injection into test 
monkeys 

Results in test 
monkeys 

45 

Immune monkey 1 

2 0 cc. mixture of 1.5 cc. 

No infection 

46 ; 

“ ' “2 

crude 25 per cent suspen- 
sion of spleen plus 0.5 cc. 

II II 

47 

Normal monkey 1 

1 per cent virus-cord 

Poliomyelitis 

48 

“ “ 2 


II 

49 

Poliomyelitic monkey 1* 


Poliomyelitis 

50 

K II 2* 


<1 

51 

II II 1 * 

O 


II 

52 

Normal monkey 1 

2 0 cc. mixture of 1.5 cc. 25 

II 

53 

« « 2 

per cent suspension of per- 

II 

54 

« « 3 

fused spleen plus 0.5 cc. 

1 per cent virus-cord 

It 

55 

Immune monkey 1 


II 

56 

ll li o 


It 

57 

“ “ 3 


II 

5S 


2.0 cc. mixture of 1.5 cc. 
pooled convalescent mon- 
key scrum plus 0.5 cc. 1 
per cent virus-cord 

No infection 

59 


2.0 cc. mixture of 1.5 cc. 
pooled normal monkey 
serum plus 0.5 cc. 1 per 
cent virus-cord 

Poliomyelitis 


* Spleen removed at height of paralysis after intracerebral injection of virus. 


These experiments show that it is possible to remove humoral anti- 
bodies from the spleen and suggest that our success in detecting virus 
in the perfused spleens was due to the removal of a neutralizing sub- 
stance. If virus and neutralizing substances are present simultanc- 
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ously in poliomyelitic spleens the virus might, if present in sufficiently 
high concentration, act as an antigen in stimulating the formation 
of potiocidal antibodies, since several authors (23) have reported a 
high incidence of immunity in monkeys following injections of neu- 
tralized mixtures of virus and serum. 

Spleens were removed aseptically from monkeys at the height of paralysis 
following intracerebral inoculation of virus. 25 per cent suspensions in saline 
were prepared from each spleen and injected into 3 monkeys by various routes. 
Injections were given at the rate of 2 a week for 7 weeks, a total of 41.0 cc. being 
administered to each monkey. Sera obtained 6 weeks after the last injection 
failed to neutralize the test vims (1.5 cc. scrum plus 0.5 cc. 1.0 per cent crude 
virus-cord suspension). 

Considering the results obtained in the perfusion experiments, it 
is unlikely that all the spleens were devoid of virus. It appears more 
probable that the relatively large amount of inoculum contained too 
little virus to excite an appreciable antibody response. Although 
poliomyelitic spleens may contain amounts of virus infectious upon 
intracerebral inoculation it does not necessarily follow that this 
concentration is sufficient, in view of the known weak antigenic prop- 
erties of the virus, to elicit any marked antibody response. This 
point has been emphasized recently by Kramer (23 d) who found that 
neutralized mixtures containing the equivalent of 1.5 gm. of virus- 
cord failed in many instances to produce sufficient antibodies to neu- 
tralize a small test dose of virus. 

DISCUSSION 

The necessity of using huge doses of virus to produce experimental 
poliomyelitis in Macaco mulatto by the intravenous route is well 
known and generally attributed to the difficulty encountered by the 
virus in reaching susceptible nerve tissue, a difficulty readily appre- 
ciated when it is considered that the nervous system is well isolated 
from other tissues (24). This insulating mechanism, however, is 
defective in at least one region, viz. the olfactory mucosa, where the 
endings of the first and thirteenth cranial nerves lie free. Lennette 
and Hudson (8) have shown that following intravenous administration 
of large doses the virus can be detected in nasal washings and that 
infection probably depends to a considerable degree on the amount 
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of virus excreted onto the nasal mucosa, a concept which finds sup- 
port in the recent demonstration (25) of lesions in the olfactory bulbs 
of monkeys succumbing to infection by this route and in the ability 
of nasally instilled picric acid to prevent infection after vascular 
inoculation of the virus (26). While large amounts of virus accumu- 
late in the spleen, and therefore should decrease the amount available 
for excretion onto the nasal mucosa, we were unable to detect any 
difference in susceptibility to infection, after repeated intravascular 
inoculation, between splenectomized and non-splenectomized animals. 
The possibility that the large doses of virus used (3 daily injections 
of 10 cc. 10 per cent crude virus-cord suspension) obscured any slight 
differences in susceptibility was considered, and the dosage decreased. 
A single injection of crude 10 per cent virus, while found not to be 
infective for a large group of non-splenectomized monkeys proved to 
be so for a small number of splenectomized animals. The results, 
while not conclusive due to the small number of splenectomized ani- 
mals employed, suggest that some decrease in resistance to infection 
may occur when the animal is splenectomized prior to inoculation. 

Splenectomy subsequent to intravenous or intrasplenic injection 
of virus did not appear to alter resistance to infection by these routes; 
this may be due, however, to simultaneous removal of much of the 
virus, which was found to accumulate rapidly in the spleen. Spleens 
removed from animals inoculated by either of the routes mentioned 
contained virus 24 hours after inoculation, but none after 3 or 5 
days. The results of these experiments also suggest that splenec- 
tomy, with a simultaneous removal of a considerable portion of the 
antigen, interferes with antibody formation. None of 6 monkeys 
splenectomized after vascular inoculation developed neutralizing 
antibodies whereas the controls did so. Also, since no virus was 
detected in spleens removed 3 and 5 days after inoculation, and since 
the animals from which these spleens were obtained failed to develop 
poliocidal antibodies, we are inclined to believe that the virus is 
destroyed in the spleen. 

Attempts to detect virus in the spleens of monkeys infected by 
routes other than the vascular were complicated by the presence of a 
neutralizing factor. Crude suspensions of poliomyelitic spleens failed 
to produce poliomyelitis on intracerebral injection, while similar 
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spleens after perfusion in one case caused frank paralysis and in two 
others lesions in the spinal cord. In one instance the lesions were 
typical of the experimental disease and in the other compatible with 
a diagnosis of poliomyelitis, although not absolutely typical. 

An attempt to immunize test animals with poliomyelitic spleen 
tissue failed. The negative results presumably were due to a small 
content of virus rather than to the presence of neutralizing antibodies. 

SUMMARY AND CONCLUSIONS 

1. No difference in susceptibility to infection between splenec- 
tomized and non-splenectomized monkeys was observed when virus 
was injected intravenously in large amounts. 

2. In a small series of animals, the results suggested that splenec- 
tomy decreased resistance to amounts of virus subinfective for non- 
splenectomized monkeys. 

3. Splenectomy subsequent to intravenous or intrasplenic inocula- 
tion of amounts of virus subinfective for non-splenectomized monkeys 
did not render the animals susceptible. 

4. Following vascular injection, the virus accumulates in the spleen, 
where it can be detected 24 hours after inoculation, but not at 3 or 5 
days. 

5. Evidence that splenectomy interferes with antibody formation is 
presented and discussed. 

6. We were unable to demonstrate virus in crude extracts of polio- 
myelitic spleens but were successful with perfused spleen extracts. 
This may be due to removal of a neutralizing factor. 

7. Attempts to immunize test animals with virus present in polio- 
myelitic spleens were negative. 

The author is indebted to Dr. N. Paul Hudson, now of the Department of 
Bacteriology, the Ohio State University, for much helpful advice and kind criti- 
cism, and to Dr. Morris Schaeffer of the Department of Bacteriology, New York 
University College of Medicine for many valuable suggestions 
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In all work relating to hemoglobin one unconsciously has in mind 
the pigment radicle as being of prime importance because it is a con- 
spicuous factor due to its color and its relation to other body pig- 
ments (bile pigment, urobilin and related substances). The pyrrol 
aggregate — a compound of four pyrrol rings— is common to bile 
pigment and to the hemoglobin pigment radicle. 

Globin by contrast has been little studied but its importance prob- 
ably is in proportion to its size and it makes up about 95 per cent of 
the hemoglobin molecule. It is antigenic (4) and its chemical 
make-up has been studied but we know very little about its manufac- 
ture within the body and what happens when it is broken down in 
body metabolism. 

One can readily show (6) that the anemic dog can use goose and 
sheep hemoglobin just as completely as dog hemoglobin when given 
intravenously, and if we give 50 gm. of either foreign hemoglobin we 
confidently expect to remove from the standardized anemic dog 45 to 
50 gm. new dog hemoglobin to maintain the anemia level a constant. 
In a great number of experiments the return averages approximately 
100 per cent — that is the dog conserves completely hemoglobin 
given by vein whether the hemoglobin derives from the dog, goose or 
sheep. As hemoglobin is species specific it is obvious that the foreign 
hemoglobin must be broken down to some types of intermediates 
before it is recast into the new dog hemoglobin. 

Other experiments (3) indicate the importance of the globin frac- 
tion in contrast to the pigment radicle. If to an anemic bile fistula 
dog we give by vein 50 gm. of dog or sheep hemoglobin, we observe a 
return in new hemoglobin of 45 to 50 gm. just as in the anemic non- 
565 
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fistula dog. But we observe also a great increase in bile pigment 
eliminated and can account for 60 to 100 per cent of the pigment 
radicle contained in the injected hemoglobin. Whatever our explana- 
tion may be the body obviously can produce a large excess of the pig- 
ment radicle promptly whether it is eliminated in the urine as bile 
pigment or incorporated in the new formed hemoglobin. This ex- 
periment would point to the globin as the limiting factor in new hemo- 
globin production and would indicate the need for a detailed study 
of all aspects of globin utilization within the body. 

We should keep in mind the fact that the anemic fasting dog when 
given iron by mouth or vein can produce 100 gm. or more of new 
hemoglobin. The globin and pigment radicles obviously are formed 
from the proteins within the body (tissue, parenchyma or plasma 
proteins) (2). This effort by the fasting anemic dog cannot be long 
continued but the proof is conclusive that in this emergency (anemia) 
the body proteins can contribute to the formation of new hemoglobin 
and its contained globin. 

Our interest in the reaction of the anemic dog to globin given by 
mouth or by vein needs no further comment. The tables below 
indicate that the standard anemic dog in order to form hemoglobin 
utilizes globin by mouth to good advantage. Globin given orally 
averages 30 per cent utilization in contrast to a 10 to 15 per cent 
utilization of hemoglobin given by mouth. 

Globin given by vein does not give a uniform reaction as is true for 
hemoglobin given by vein. The reasons for this difference in reac- 
tion may be subject to debate. Hemoglobin is a naturally occurring 
substance in the circulation as red cells disintegrate from normal wear 
and tear. Globin as we use it to introduce into the circulation is 
probably a foreign substance as it is often toxic in small doses and al- 
ways toxic in large doses. In other words the breakdown of hemo- 
globin within the body produces a slightly different substance than 
the globin produced by acid acetone precipitation in the method 
used below. 

Globin prepared from dog or horse hemoglobin given by vein can 
be well utilized in certain experiments to form new hemoglobin in 
the standard anemia dog (Tables 1 to 3). The surplus hemoglobin 
appears usually in the period following the injection of globin and 
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there may actually be some inhibition of hemoglobin production 
during the period of injection. The intoxication (severe, mild or 
non-recognizable) associated with globin injection is probably re- 
sponsible for this delay and may explain the negative experiments. 
We have shown elsewhere (5) that the intoxication associated with a 
sterile abscess or endometritis will temporarily interfere with the 
internal metabolism responsible for new hemoglobin production in 
anemia. 


Methods 

All methoddetails relating to the general anemia program have been described 
quite recently (7) and need not be repeated. Globin was prepared from horse 
and dog hemoglobin according to the method of Anson and Mirsky (1) which is 
essentially a precipitation by a solution of acetone and hydrochloric add. 

We are indebted to Dr. A. E. Mirsky for a careful explanation of this method 
and a generous supply of the globin which was used in preliminary experiments. 
The globin as used is a grey- white powder readily soluble in water with dextrose 
for intravenous use. It is probably digested with relative ease when fed with the 
standard salmon bread. 

The artifidal digest used in Table 1 and given by vein was prepared as follows: 
Horse globin 60 gm. in 3000 cc. 0.2 percent HC1 placed in incubator for 4 days. 
Solution was neutralized to phenolphthalein with NaOH and 2 gm. each of 
trypsin and erepsin was added. Material kept in incubator for 4 weeks. Reac- 
tion was kept alkaline to phenolphthalein. Hydrolysate was filtered and con- 
centrated to 800 cc. under diminished pressure at about 40°C. Concentrated 
NaOH was added and NHj was removed by distillation under diminished pressure 
at temperature of 40°. Hydrolysate was immediately treated with 10 per cent 
HC1 until reaction was just alkaline to litmus. Solution was sterilized in auto- 
clave for 30 min. at 15 pounds pressure and kept at ice box temperature. No 
precipitation on standing. This hydrolysate was prepared under the supervision 
of Dr. F. S. Daft. 


EXPERIMENTAL OBSERVATIONS 

Unfortunately solutions of globin given by vein are somewhat toxic 
and at times may be very toxic. Small doses of globin must be given 
(1 gm. usually dissolved in 10 per cent dextrose) and in spite of every 
precaution and slow injection into the jugular we may observe at 
times clinical disturbances (fall in blood pressure, chill, vomiting or 
prostration) and on rare occasions moderately severe shock. Dog 
globin appears to be a little less toxic than horse globin. As the 
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standardized dogs are valuable we hesitated to use larger doses for 
fear of severe or lethal intoxication. 

Table 1 (dog 27-236) shows three satisfactory experiments on the 
same dog at different times. In the first experiment horse globin is 
given intravenously over a period of 3 weeks amounting to 21 gm. in 
all. The dog was not clinically disturbed and ate all of the basal 
ration. There was a rise in hemoglobin level during the period of 
injection but no bleeding was done at this time. The new hemoglo- 
bin production was completed by the end of the 2nd control week. 
We note a net hemoglobin production above the basal output of 
24 gm. new hemoglobin as a result of injecting 21 gm. globin. 

Globin digest (Table 1) shows a similar reaction. When we give 
intravenously a tryptic digest derived from 18.3 gm. horse globin dur- 
ing a 2 weeks period we note a production of 25 gm. new hemoglobin 
above the base line output. There is a slight decrease in basal ration 
consumption and one might expect a lessened output of hemoglobin 
because of this slight intoxication (5). The fact that there is a slight 
excess of hemoglobin production above the globin digest intake we 
are not inclined to stress as it comes within the limits of physiological 
variables. 

In general the tables below show good evidence that the anemic 
dog can use dog or horse globin given by vein to produce much new 
hemoglobin. The reaction often may be delayed and occasionally 
absent but we believe tins is to be explained in large part as due to the 
toxic reaction of the dog to the artificially prepared globin solution. 

Clinical Experimental Histories — Table 1. 

Dog 27-236. Born Feb., 1928. Uneventful anemia history Apr., 1930, to 
Aug., 1935. 

June 10, 1931. Horse globin 0.66 gm. to 1 gm. injected intravenously daily 
in 75 to 150 cc. 10 per cent dextrose solution. Material injected very slowly. 
After 11 doses dog showed moderate diarrhea and slight vomiting for 1 day. No 
further reaction. 

Apr. 12, 1932. Globin digest by vein beginning with 10 cc. of the digest or the 
equivalent of 0.5 gm. horse globin plus 40 cc. 10 per cent dextrose. 3 hours after 
injection of first dose dog vomited. Dose was increased thereafter from 0.75 gm. 
equivalent to 2 gm. equivalent daily with from 40 to 100 cc. 10 per cent dextrose 
solution. After first 2 gm. equivalent dose dog left 70 per cent food for 1 day. 
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TABLE 1 

Globin (Horse) Given by Vein and by Mouth 
A Globin Discs t also Utilised by Dog to Form Hemoglobin 
Dog 27-236. Bull, male, adult. 


Diet periods 1 wk. each 


Food rUsma p w r 

con- Weight ^ 5^5 K.U.t*. 
sumed 



Bread 400, salm. 100, Kl. 40 

tGlobin digest intrav., br. 400, salm. 100, Kl. 40 
Globin digest intrav., br. 400, salm. 100, Kl. 40 

Bread 350, salm. 150, Kl. 50 
Bread 400, salm. ISO, Kl. 50 
Bread 400, salm. 100, Kl. 40 





91 

15 6 

855 

91 

16 0 

863 

90 

15 9 

848 

100 

16.0 

889 

100 

16 1 

894 


Bread 375, salm. 125, Kl. 50 

100 

16 0 

Globin 6, br. 375, salm. 125, Kl. 50 

Globin 6, br. 375, salm. 125, Kl. 50 

100 

100 

16 3 

16 6 

Bread 375, salm. 100, Kl. 40 

Bread 400, salm. 100, Kl. 40 

100 

100 

16 4 
16 8 


Total Hb. 
4.7 I 44 



Basal output S gm, Hb. per wk. Total net Hb. output 34 gm. 

Salm, = commercial canned salmon. 

Kl. = Klim, a commercial skimmed milk powder. 

* Total globin given 21 gm. 
t Total globin equivalent 18.3 gm. 
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No further unfavorable reaction. Total amount given equivalent to 18.3 gm. 
horse globin. 

Sept. 30, 1933. Globin feeding begun with daily dose of 6 gm. mixed with 
small amount of bread and fed prior to general feeding. 

Globin feeding (Table 1) in the same dog gives about a 40 per cent 
return of new hemoglobin. The dog was fed 6 gm. horse globin a 
day for 2 weeks — a total of 84 gm. and produced a net hemoglobin 
output of 34 gm. above the base line average. This dog gave a very 
prompt response to the globin feeding and most of the new formed 
hemoglobin appeared during the 2 weeks of globin feeding. This 
represents a maximal response to protein material given by mouth 
and exceeds considerably the ratio of liver protein intake to new hemo- 
globin output — approximately 8 to 1 or a 13 per cent utilization, if 
we leave out of consideration the iron contained in the liver. 

Clinical Experimental Histories — Table 2. 

Dog 24-59. Born 1922. Uneventful anemia history 1923 to 1932. 

Apr. 28, 1931. Globin injection by vein 1 gm. dissolved in 150 cc. 10 per cent 
dextrose solution. Following the first injection there was a chill but no obvious 
clinical reaction to subsequent injections. 

Dog 27-238. Born Feb., 1927. Continuous anemia history Nov., 1928, to 
date. Diet at no time contained potent animal protein substances in effort to 
produce dietary anemia. Experiments consisted of testing vegetables, minerals, 
drugs and amino acids. 

Apr., 1933. One dose of horse globin, 1 gm. in 10 per cent dextrose by vein 
was followed by shock. Experiment discontinued. 

Nov. 18, 1933. Feeding experiment of horse globin, 7.5 gm. daily added to 
basal bread ration. (See Table 5.) 

Feb., 1936. Horse globin by vein, first dose 0.25 gm. in 10 per cent dextrose. 
Dose gradually increased to 1 gm. which was followed by slight reaction. With 
dose of 1.25 gm. marked reaction. Dog vomited 10 min. after injection, pulse 
weak, cyanosis, slight diarrhea. This occurred after 6 doses had been given. 

Mar. 9, 1936. Slight shock following 1.25 gm. horse globin. Food consump- 
tion poor. Horse globin decreased to 0.75 gm. and later again increased to 1 gm. 
Considerable reaction following 2nd dose of 1 gm. Dosage decreased to 0.50 gm. 
and no more than 0.75 gm. given until experiment was complete, a total of 25 
gm. horse globin. 

Globin given by vein is utilized to form new hemoglobin as seen 
in Table 2, dog 24-59. This experiment in some respects is different 
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during the period of injection but the new hemoglobin production 
appears in the subsequent control weeks. It may not be fair to in- 
clude the hemoglobin output during the 4th control week and under 
such circumstances the net hemoglobin output would be 17 gm. in- 
stead of 34 gm. as given. At any rate the true hemoglobin return 
from the injected globin will approximate 100 per cent if we assume 
that the true net hemoglobin figure is somewhere between 17 and 34 
gm. hemoglobin. The toxic influence of the injected globin solution 
delayed the hemoglobin regeneration but did not prevent the body 
from utilizing the globin material in subsequent weeks. 

Table 2, dog 27-238, shows a negative response to globin injections. 
There is no excess of hemoglobin produced above the basal level and 
there is some inhibition of hemoglobin production during the pro- 
longed injection period. This dog (see Clinical experimental history 
27-238) was quite sensitive to globin injections which produced clin- 
ical shock on several occasions and caused lack of appetite. We be- 
lieve the lack of response to the globin injection with new hemoglobin 
production to be due to this obvious intoxication. This dog was 
given one dose of horse globin in 1933 or 3 years before this experi- 
ment and at that time the dog was intoxicated to such a degree that 
the experiment was discontinued. Whether this dose made the dog 
even more susceptible to subsequent doses we cannot say. 

Clinical Experimental Histories — Table 3. 

Dog 33-14. Born Nov., 1932. Uneventful anemia history Dec., 1933, to date. 

Mar. 8, 1937. Dog globin by vein beginning with 0.75 gm. in 10 per cent 
dextrose. Dose gradually increased to 2 gm. daily. Some reaction to 2 gm. 
dose — rapid pulse, considerable coughing. Dog left food for 2 days. Globin 
omitted for 2 days. Subsequently 0.50 gm. globin caused similar toxic 'reaction. 
Globin omitted for 1 day. Globin then injected beginning with 0.50 gm. and 
gradually increasing to 1.75 gm. daily. A slight reaction to 1.75 gm. was noted. 
Globin 1.25 gm. for the remaining injection period. No further clinical dis- 
turbance. Dog in good condition at end of experiment. 

Dog 30-117. BomSept., 1930. Uneventful anemia history Oct., 1931,todate. 

May, 1936. Dog globin by vein beginning with 0.25 gm. in 10 per cent dex- 
trose. Dose gradually increased to 2 gm. daily. No reaction at any time. Food 
consumption 100 per cent throughout experiment. No hemolysis 2 hours after 
injection of globin. 



F. S. FOBSCHEIT-ROB B ENS AND G. H. WHIPPLE 


573 


TABLE 3 

Globin {Dog) Given by Vein 
Positive and Negative Experiments 





Plasma 

volume 


Blood 

Hb. re- 

Diet j*ricxJs t wk. each 

con- 

sumed 

Weight 

R.B.C. 

Hb. 

level 

moved, 

bled 


Dog 33-14. Coach, female, adult 


Food, jm. per day 

ptr cent 

kl. 

«. 

nil, 

per cent 

im. 

Bread 350, salra. 75, Kl. 20 

100 

14.1 

803 

4.6 

44 

1 2 

•Globin 0.8, br. 350, salm. 100, KL 20 

100 

14.0 

672 

5.0 

53 

1.5 

Globin 0.5, br. 200, salm. 150, Kl. 20 

75 

13.7 

748 

5.5 

45 

20.3 

Globin 1.0, br. 225, salm. 125, Kl. 20 

100 

13.6 

MTS 1 

4.6 

45 

1.4 

Globin 0.9, br. 22S, salm. 125, Kl. 20 

100 

13 6 

812 

4.4 

44 

1.3 

Globin 0.9, br. 225, salm. 125, Kl. 20 

100 

13.4 

777 

4.7 

48 

1.4 

Bread 250, salm. 100, Kl. 20 

100 

13.4 

745 

4.9 

50 

25.8 

Bread 250, salm. 100, Kl. 20 

100 

13.4 

777 

4.7 

48 

1.4 

Bread 250, salra. 100, Kl. 20 

100 

33.4 

653 

6.0 

49 

35.3 

Bread 250, salm. 100, Kl. 20 

100 

13.7 

■dill 

4.5 

45 

12.9 

Bread 250, salm. 100, Kl. 20 

100 

13 3 

794 

5.1 

47 

24.6 

Bread 250, salm. 100, Kl. 20 

100 

13.4 

722 

4.5 

47 

1.4 


Basal output 9 gra. Hb. per week. Total net Hb. output 25.0 gm. Total Hb. = 127.3 


Dog 30-117. Coach, male, adult 


Bread 450, salm. 75, Kl. 20 

100 

15 S 

970 

i 

4 4 

43 

1 2 

tGlobin 0.3, br. 4S0, salm. 75, Kl. 20 

1 100 


886 

5.9 

44 

22.4 

Globin 1.1, br. 450, salm. 75, Kl. 20 

1 100 

16 1 

944 

4 1 

39 

1.2 

Globin 1.6, br, 450, salm. 75, Kl. 20 

1 100 

16 0 

970 

4.1 

46 

1.3 

Globin 1.1, br. 450, salm. 75, Kl. 20 

100 

16.4 

1006 

— 

36 

1.0 

Bread 450, salm. SO, Kl. 20 

100 

16.6 

1018 

4.5 

56 

12.2 

Bread 450, salm. 50, Ed. 20 

100 

16.5 

1000 

5.9 

48 

20.4 

Bread 450, salm. 50, Kl. 20 

100 

16 4 

1025 

5 7 

43 

29.6 

Bread 450, salm, 50, Kl. 20 

100 

16.4 ; 

1010 

4.3 

42 

14.5 

Bread 450, salm. 50, Kl. 20 

100 

16 4 ; 

1022 

4 0 

42 

1 2 


Basal output 14 gm. Hb. per wk. Total net Hb. output 0. Total Hb. = 103.8 


* Total globin given 28.3 gm. 
f Total globin given 29 g?n. 
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Table 3, dog 33-14, shows a complete experiment in which 28.3 gm. 
of globin are given intravenously during a 5 week interval and about 
25 gm. of hemoglobin are produced over and above the control base 
line of 9 gm. hemoglobin per week. There is little hemoglobin pro- 
duced during the 5 week injection period, distinctly less than the 
control output and the surplus hemoglobin all appears in the 5 week 
after period. This reaction is very like that recorded (5) for an endo- 
metritis. The globin injections caused some clinical disturbance 
and only small doses could be given. There was some lack of appe- 
tite in the 2nd week of globin injection. We believe this intoxica- 
tion due to globin injections is responsible for the inhibition of 
hemoglobin production during the injection period but the building 
materials are not lost so that a surplus hemoglobin production appears 
when globin injections are discontinued. 

Table 3, dog 30-117, shows a complete experiment in which the 
globin injections caused inhibition of hemoglobin production in the 
4 week injection period but there was no surplus produced in the after 
period of 5 weeks. This dog showed little if any clinical evidence of 
intoxication and its appetite was not impaired. The effect of this 
subclinical intoxication is obvious in the injection period and it seems 
safe to assume some disturbance due to the globin injections which 
interfered with the normal mechanism of hemoglobin production. 
This dog has a high basal hemoglobin output of 14 gm. per week so 
that the inhibition of hemoglobin construction during the 4 weeks 
of injection amounts to more than 30 gm. hemoglobin. 

Clinical Experimental Histories — Table 4. 

Dog 35-1. Bom Nov., 1934. Uneventful anemia history July, 1936, to date. 

Mar. 9, 1937. Dog globin by vein beginning with 0.25 gm. in 10 per cent 
dextrose. Dose gradually increased to 2.25 gm. daily. With that amount, slight 
clinical reaction resulted — rapid pulse and coughing. Dog left all food next day. 
No globin given for 2 days. Injections of globin again started with dose of 
0.50 gm. gradually increased to 1.75 gm. without any further disturbance during 
rest of experimental period. Dog in good condition at end of experiment. 

Table 4, dog 35-1, gives the details of a very interesting experi- 
ment. The globin injections caused no significant clinical disturbance 
and a large total of 31 gm. were given during 4 weeks. There is no 
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evidence of inhibition of hemoglobin production as the hemoglobin 
surplus is 59 gm. over and above the base line output of 6 gm. hemo- 
globin per week. In fact there is a surplus of 28 gm. hemoglobin not 
explained. We are inclined to this explanation. It is well known in 
pharmacology that some drugs are destructive or injurious in large 
doses but stimulating in small doses. This dose of globin in this dog 
may have been of just the proper amount to cause stimulation rather 
than inhibition. 


TABLE 4 

Globin {Dog) Given by Vein — 31 Gm. 


Hemoglobin Surplus Is 59 Gm. 
Dog 35-1. Bull, male, adult. 


Diet periods l wk. each 

Food 

con- 

turned 

Weight 

Plasma 

volume 

R.B.C. 

Blood 

Hb. 

level 

Hb. re- 
moved, 
bled 

Food, gm. Per day 


h[. 

ec . 

mil. 

per cent 

gm. 

Bread 450, salm. 75, Kl. 20 

100 

19.5 

1147 

5.7 

47 

1.3 

Globin 1.1, br. 450, salm. 50, Kl. 20 

86 

19.3 

1152 

6.1 

55 

1.6 

Globin 0.6, br. 250, salm. 150, Kl. 20 

92 

18.5 

1085 

6.0 

53 

24.2 

Globin 1.3, br. 350, salm. 150, Kl. 20 

100 

18.6 

1142 

5.5 

38 

19.3 

Globin 1.5, br. 350, salm. 150, Kl. 20 

100 

18.8 

E.". 

4 3 

38 

1.5 

Bread 400, salm. 75, Kl. 20 

100 

18.7 

1223 

4.8 

46 

1.4 

Bread 400, salm. 75, Kl. 20 

100 

18.7 

1068 

5.1 

49 

12.3 

Bread 400, salm. 75, Kl. 20 

100 

18 9 


6.3 

36 

34.8 

Bread 400, salm. 75, Kl. 20 

100 

18.8 

1213 


46 

1.4 

Bread 400, salm. 75, Kl. 20 

100 

18.9 

■Ml 

5.9 

47 

25.2 

Bread 400, salm. 75, Kl. 20 

100 

18.6 

1124 

K23 

43 

1.4 


Basal output 6 gm. Hb. per week. Total net Hb. output 59 gm. Total Hb. = 123 . 1 


Clinical Experimental Histories — Table 5. 

Dog 23-1. Born 1922. Uneventful anemia history, Oct., 1924, to Mar., 1936. 
Dec., 1933. Horse globin feeding experiment for 2 weeks with daily dose of 
7.5 gm. added to the basal salmon bread ration. 

Dog 30-121. Bom Sept., 1930. Uneventful anemia history, Oct., 1931, to 
date. 

Mar. 3, 1936. Globin feeding experiment for 2 weeks with daily dose of 7.5 
gm. added to basal salmon bread ration. 
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TABLE 5 

Globin ( Horse ) Given by Mouth 
Approximately 30 Per Cent Utilization 


Diet periods 1 wk. each 

Food 

con- 

sumed 

Weight 

Plasma 

volume 

R.B.C. 

Blood 

Hb. 

level 

Hb. re- 
moved, 
bled 

Dog 27-238. Coach, female, adult 

Food, gm. per day 

per cent 

kg. 

cc. 

mil. 

per cent 

gm. 

Bread 350, salm. 125, Kl. 50 

100 

14 1 

910 

— 

44 

1.2 

Globin 7.5, br. 375, salm. 100, Kl. 40 

100 

14.4 

847 

4.2 I 


13.0 

Globin 7.5, br. 375, salm. 100, Kl. 40 

100 

14.7 

862 


45 

15.4 

Bread 375, salm. 100, Kl. 40 

100 

14.8 

868 

4.5 

48 

1.4 

Bread 375, salm. 100, Kl. 40 

100 

14 8 

820 

6.1 

55 

37.2 

Bread 375, salm. 100, Kl. 40 

100 

15.1 

902 

4.7 

44 

12.9 


Basal output 8 gm. Hb. per week. Total net Hb. output 40 gm. Total Hb. = 79.9 


Dog 23-1. Bull, male, adult 


Bread 375, salm. 100, Kl. 40 


17 9 

1099 

3.9 

39 

1.1 

Globin 7.5, br. 375, salm. 100, Kl. 40 


17.8 

1063 

5.1 

51 

12.6 

Globin 7.5, br. 375, salm. 100, Kl. 40 


18.0 

1125 

4.3 

45 

1.3 

Bread 375, salm. 100, Kl. 40 

100 

17.7 

1023 

5.3 

48 

24.7 

Bread 400, salm. 100, Kl. 40 

93 

17.7 

1086 

4.7 

42 

11.1 

Bread 375, salm. 150, Kl. 50 

60 

17.0 


4.3 

42 

1.2 


Basal output 8 gm. Hb. per week. Total net Hb. output 14 gm. Total Hb. = SO. 9 


Dog 30-121. Coach, male, adult 


Bread 450, salmon 50, Kl. 20 

Globin 7.5, br. 450, salm. 50, Kl. 20 
Globin 7.5, br. 450, salm. 50, Kl. 20 

Bread 450, salm. 50, Kl. 20 
Bread 450, salm. 50, Kl. 20 
Bread 450, salm. 50, Kl. 20 



14.5 

878 

4.4 

43 

1.2 


14.7 

934 

5.3 

44 

13.2 

100 

14.7 

905 

5.0 

52 

14.4 

100 

14.9 

943 

5.8 

45 

24.6 


14.7 



50 

13.9 


14.9 



48 

1.3 


Basal output 9 gm. Hb. per week. Total net Hb. output 27 gm. Total Hb. — 67.4 
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Table 5 shows three more experiments with horse globin feeding. 
The first experiment (dog 27-238) is practically a replica of that given 
in Table 1. A slightly larger amount of globin is fed (total 105 gm. 
during the 2 weeks period) and a net hemoglobin output of 40 gm. 
is recorded. The ratio of intake of globin to new hemoglobin pro- 
duction is 105 to 40 or a 39 per cent utilization of this protein to form 
hemoglobin. This is practically identical to the 40 per cent utiliza- 
tion given in Table 1 and represents maximal utilization for protein 
given by mouth. 

The second experiment (Table 5, dog 23-1) shows a much lower 
level of protein utilization. With 105 gm. globin given by mouth 
the net hemoglobin production is only 14 gm. — a 13 per cent utiliza- 
tion. This is about the same as the utilization of liver protein for 
hemoglobin regeneration — a ratio of 8 gm. intake to 1 gm. hemoglobin 
output. 

The third experiment (Table 5, dog 30-121) shows an intermediate 
level of protein utilization. Given 105 gm. globin by mouth, the dog 
produces a surplus of 27 gm. new hemoglobin — a 26 per cent utiliza- 
tion of this protein. The average of all four globin feeding experi- 
ments is a 30 per cent utilization — that is given 100 gm. globin by 
mouth we should expect a net surplus of new hemoglobin amounting 
to 30 gm. 


SUMMARY 

It has been shown that the standard anemic dog can use sheep, 
goose or dog hemoglobin when given by vein and return quantita- 
tively its equivalent as new dog hemoglobin within the red cells. 

Globin at times can be used when given by vein with a quantitative 
return of new hemoglobin in red cells in these same anemic dogs. 
Again the administration of globin by vein will inhibit the expected 
hemoglobin formation; and we believe the toxic effect of the globin is 
responsible. A digest of globin may be used by the anemic dog to 
form new hemoglobin. Globin from both horse and dog have been 
tested and seem to react in identical fashion. 

The globin radicle of hemoglobin appears to be an important limit- 
ing factor in abundant hemoglobin building in this type of anemia 
due to blood loss. 
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GLOBIN UTILIZATION TO POEM NEW HEMOGLOBIN 


Globin fed by mouth is well utilized to form new hemoglobin and we 
may record a 30 to 40 per cent utilization or a return of 30 to 40 gm. 
new hemoglobin from the feeding of 100 gm. globin. This is to be 
compared with the utilization of liver protein — an average return of 
13 gm. new hemoglobin for the feeding of 100 gm. liver protein. 
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INTRODUCTION 

Vitamin Bs is that part of the vitamin B 2 complex which is respon- 
sible for the cure of the specific dermatitis (“rat acrodynia'' 1 ) developed 
by young rats fed a vitamin B free diet supplemented with vitamin 
Bi and lactoflavin (3). 

A good and potent source of vitamin B ( , free from lactoflavin, is 
Peters’ cluate (4), which is obtained essentially by elution of a char- 
coal adsorbate of an aqueous yeast extract with acid alcohol. 

Lepkovsky, Jukes and Krause (5) have shown that rats need, in 
addition to vitamin Bj and lactoflavin, a third, mainly growth- 
activating fraction of the vitamin Bj complex. This is also called the 
“filtrate factor” (6), owing to the outstanding chemical properties 
revealed during the course of preliminary attempts at its purification. 

In the synthetic diet first used (3) for the production of rat acro- 
dynia, rice starch was employed as the source of food carbohydrate. 
When the experiments for purification of vitamin B e , preliminary re- 
sults of which have been reported (7), were resumed, rice starch was 
replaced in the diet first by corn starch, then by cane sugar. This 
substitution was made after a specimen of rice starch had proved toxic 
for rats and after it was found that corn starch, at least the brand 

* Presented in part before the Fourth Annual Meeting of the American Insti- 
tute of Nutrition, Memphis, April 21, 1937 (1). 

The term acrodynia which appears throughout this article refers to these 
shin manifestations in rats fed a diet deficient in vitamin B« (2). 
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PANMYELOPHTHISIS 


used, prevented or delayed the appearance of rat acrodynia, in con- 
firmation of relevant observations by Richardson and Hogan (8). 

Rats kept on a diet of this kind, deficient in vitamin B 6 and con- 
taining sugar, developed acrodynia in from 6 to 20 weeks. Treat- 
ment with purified, less crude B 6 preparations was in many cases 
followed not by complete recovery but by a very acute, fatal anemia 
and a great variety of symptoms of a concomitant hemorrhagic diathe- 
sis. Medication with more complex Be preparations, such as Peters' 
eluate, or with certain foodstuffs, such as milk, liver and yeast, assured 
final cure of the B c deficiency disease without the complication of 
abnormal hematopoiesis. 

In several instances this peculiar hemorrhagic disease has been 
observed by us in rats when there was no change in the experimental 
conditions. On further study it became evident that this disease, 
which at first gave the impression of being purely accidental, was a 
distinct pathologic entity, with a well defined etiologic basis. We 
were able to show that one constituent of the vitamin B 2 complex 
plays, apparently, an important part in primary blood cell production. 

EXPERIMENTAL DATA 

Rats, mostly albino, 21 days of age, weighing not more than 35 gm., were placed 
on the following diet. 

Per cent 


Casein 5 18 

Cane sugar 68 

Melted butter fat 9 

Salt mixture (McCollum 185) 4 

Cod liver oil 1 


Each rat in an experiment received daily, in addition to the diet, 3 pigeon units 
of a highly purified vitamin Bi preparation employed in previous studies (2) and 
lOy of crystalline natural lactoflavin, which was replaced in later experiments by 
crystalline synthetic lactoflavin. 2 3 

Animals with symptoms typical of acrodynia were treated with vitamin Be 
preparations or with foodstuffs containing vitamin B6. 

In those animals in which anemia and hemorrhagic manifestations followed 
the successful treatment of vitamin B6 deficiency, the first sign of the impending 
new disease consisted in renewed suspension of growth and in reduced food intake. 

2 Purified casein chiefly was used, but the results were duplicated in some 
experiments with Merck’s commercial casein. 

3 Vitamin Bi and’ lactoflavin were furnished through the courtesy of Winthrop 
Chemical Company, Inc., New York. 
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In untreated animals, anemia and hemorrhagic symptoms were often preceded 
by spontaneous cure of a very mild acrodynia that usually started not more than 
1 to 2 weeks earlier, and by further pronounced anorexia. Only exceptionally did 
we observe rats in which the hemorrhagic disease came about without such pre- 
monitory symptoms and in particular without preceding acrodynia. 

Onset of the anemia was easily recognized in the albino rats by comparing the 
color of their eyes with that of normal rats. A drop of 10 to 20 per cent in the 
hemoglobin content of the blood could thus be estimated without difficulty. The 
hemorrhagic diathesis was indicated by variable signs. One of the most common 
symptoms was nosebleed. Usually this was not profuse and manifested itself 
only in slight bloody discharge which soon dried up. In albino animals the bleed- 
ing stained mostly the fur around the nose and, owing to repeated rubbing, also 
the forepaws. In other cases the tear fluid was hemorrhagic and stained the 
anterior corners of both eyes or even both eyelids, spectacle-like. Melcna and 
profuse hematuria were rather rare occurrences. Mild hematuria is not neces- 
sarily connected with the hemorrhagic disease and can be observed as an inde- 
pendent complication, without any other hemorrhagic symptoms, in rats kept on 
a vitamin B e free basal diet. 

The most impressive manifestations of the hemorrhagic diathesis in question 
were blood effusions into the skin, exhibiting all the characteristics of purpura 
(Fig. 1). In the gross there were patches of purpura of varying size, some con- 
fluent, resulting in larger areas of dark red or blue discoloration. These occurred 
mainly on the dorsum of the feet and, particularly, on the hind legs or on the face 
and neck. The first but rather hidden purpuric patches appeared usually on the 
back over the scapula or over the ribs close to the spine. We have observed patho- 
logic disturbance of hematopoiesis in 72 rats thus far. Of these animals, 46 dis- 
played visible purpura of a more or less severe degree. As a rule, purpura is a 
late manifestation of this specific disease. When it appears it gradually increases 
m severity until the fatal issue which normally follows in from 1 to 2 days. 

Blood Morphology 

Examination of the blood 4 of rats in the acute stage of hemorrhagic diathesis 
revealed (Table I), in the majority of the animals, low percentage of hemoglobin 

4 Blood was obtained by snipping off the tip of the tail after it had been soaked 
for a minute in warm water. Hemoglobin percentage was determined by the 
Sahli hemoglobinometer. Red and white blood cells were counted according to 
standard methods, using the improved Neubauer counting chamber. Wright’s 
stain was used for differential counts and brilliant cresyl blue for determination 
of reticulocyte percentage. 

Platelets were counted according to the direct method involving the use of a 

emacytometer. Blood was drawn up in the red cell-counting pipet to the mark 

.5 and diluted with Rees and Ecker’s (9) diluting fluid to the mark 101. Tfle 
P atelets were then counted as in doing a red cell count and with the same cal- 
culations. 
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TABLE I 


Blood Findings in Rats with Panmyelophthisis 








1 Differential count 

.9 

o 

o 













Rat 

No. 

Date 

Hemo- 

globin 

R.B.C. 

per 

c.mm. 

W.B.C. 

per 

c.mra. 

Platelets 
per c.mm. 

3 

a 

o 

Q. 

o « 

II 

2° 

Lymphocytes 

Monocytes 

Eosinophiles 

Nucleated red 
per 100 W.B.C 

Reticulocytes pe 
R.B.C. 



per cent 

millions 



per 

cent 

per 

cent 

per 

cent 

per 

cent 



6627 

July 2 

46 

4.83 

— 

— 

■gl 

m 

■ 

m 

— 

— 

6798 

“ 6 

20 

— 

1,900* 

— 


■ 

B 

B 

— 

— 

6873 

Sept. 4 

46 

— 

5,200 

— 

H 

I 

B 

B 

— 

— 


“ 5 

33 

3.17 

11,200 


W 


■ 

B 

— 

— 

7098 

Nov. 28 

40 

4.95 

600 

20,000 

B'$ 


0 

0 

— 

— 

7129 

“ 21 

55 

— 

700 

— 

B.;% 


0 

0 

— 

— 

7130 

“ 29 

35 

— 

1,100 

— 

BS 

96 

4 

0 

— 

— 

7132 

" 27 

■ ; 

— 

600 

— 

12 

88 

0 

0 

— 

— 

7183 

" 29 

1 

— 

— 

— 

8 

80 

12 

0 

— 

— 

7296 

“ 28 


— 

550 

— 

4 

75 

20 

1 

— 

— 

7297 

“ 28 

31 

— 

1,100 

— 

4 

96 

0 

0 

— 

0.1 

7298 

Dec. 1 

52 

6.06 

750 

— 

2 

96 

2 

0 

— 

7.0 


“ 4 

— 


<500 

— 


EEj 

0 

0 

900 

— 

7300 

Nov. 27 

55 

6.70 

1,300 

130,000 

12 

88 

0 

0 

— 

— 


“ 28 

26 

— 

800 

— 

8 

92 

0 

0 

1 

6.0 

7344 

Dec. 5 

69 

7.83 

600 

M 

0 

tM 

0 

0 


— 

7438 

Mar. 3 

73 

8.20 

1,100 


4 

92 

2 

2 


— 


“ 5 

— 

7.99 

670 

MiaB! 

2 

94 

2 

2 

16 

— 

7553 

Nov. 30 

— 

— 

— 

- 

0 

96 

4 

0 

36 

— 

7570 

Jan. 13 

55 

6.06 

900* 


8 

88 

4 

0 

5 

4 

7574 

Feb. 4 

60 

9.30 

2,450 

200,000 

0 

94 

6 

0 

— 

— 


“ 5 

— 

— 

— 

— 


80 

20 

0 

— 

— 

7577 

Nov. 30 

30 

3.03 

920 


4 

88 

0 

8 

568 

— 

7675 

Apr. 11 

65 

8.07 


80,000 

0 

80 

20 

0 

10 

— 

7716 

“ 10 

60 

6.35 



4 

76 

20 

0 

24 

— 

7759 

“ 7 

88 

9.50 



6 

89 

4 

1 

— 

— 


“ 8 

78 

7.38 


80,000 

2 

96 

2 

0 

— 

— 

7760 

Mar. 24 

49 

5.80 

1,150* 

m 

2 

80 

18 

0 

6 

— 

7765 

“ 22 

— 

4.62 


KB 

■ 

82 

18 

0 

4 

— 

7766 

Apr. 3 

— 

— 


- 

1 

86 

13 

0 

1 

— 

7770 

Mar. 24 

46 

4.75 

A 



1 M 

0 

0 

— 

— 

7783 

Apr. 13 

52 

5.40 



7 

88 

5 

0 

7 

— 

7809 

" 11 

— 

— 

— 

- 1 

4 

86 

10 

0 

22 

“ — 


* Uncorrected. 
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Rat 

No. 

Date 

Hemo- 

globin 

R.B.C, 

per 

c.mm. 

W.B.C. 

per 

c.mm. 

rnteleU 
per c mm. 

DiEIerential count 

€ 
v 0 
•8 b 

Is 

i E 

1 Reticulocytes per 100 

1 R.D.G. 

s» 

e 

!i 

Cl, 



0 

1 

i 










per 





per cent 

million* 



cent 



cent 



7853 

Apr. 29 

n 

1.47 

370 


0 

100 


0 

250 

— 

7867 

“ 26 

83 

EXfi] 

330 


o 

89 

11 

0 



7870 

« 9 


8.02 

wwm 

H5jfu5! 

4 

80 

16 

0 

— 


im 

" 16 

48 



lUiVtx 


■>11 

92 

8 

0 

32 


7914 

Mar. 30 

31 




- 


84 

12 

0 



7948 

Apr. 5 

39 

4.16 

Hr ■ - 



100 

Bl 

0 

m 



May 21 

83 

8.10 

1,900 

BTr 


86 

14 

0 




“ 12 

39 

4.42 

1,250 

BT> 5T 


89 

11 

0 




M 23 

54 

5.45 

850 

B? 5 


76 

24 

0 

12 


8044 

“ 14 

42 

4.15 


H? 5 

2 

93 

5 

0 

6 


mi 

“ 15 



4.95 


HJ S 

0 

84 

16 

0 

4 


8140 

“ 21 

58 

iusa 


RS S 

3 

82 

15 

0 

7 

_ 

8152 

“ 25 

54 

| 4.90 

1,250 

K mu 

>! 0 

92 

8 

0 


1 ” 


and low platelet, white blood cell and red blood cell counts, with a very pronounced 
granulocytopenia. The leucopenia and the disappearance ol the granulocytes 
may even be regarded as regular features of the disease and were, missing in on > 

2 rats (6873 in Table I and 7237 in Table III) in the whole series. The poly- 
morphonuclear cells when present were always segmented, frequently s owing 
vacuolation and other signs of progressive disintegration. 

In the control animals, which were kept on the same vitamin Ba free iet as 
were the anemic rats, we found constantly high hemoglobin, red blood cell an 
white blood cell values, with a very distinct granulocytosis (Table II). These 
animals had no signs of a pathologically impaired hematopoiesis, whether t ey 
did or did not display symptoms of acrodynia. In view of the generally very 
platelet count in rats that had no hemorrhagic manifestations (Tables II and III), 
a count of 100,000 or less can be considered pathologically diminished. This 
assumption is borne out by the fact that the bleeding time after clipping the tail 
to obtain blood for examination, in rats with a platelet count of 100,000 or less, 
was very markedly prolonged. The clotting time was as a rule within normal 
limits. 


From the foregoing summary of the hemorrhagic manifestations 
observed and the morphologic blood findings, it becomes evident that 
we are dealing here with a profound disturbance of the primary blood- 
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producing tissue, the reticulo-endothelium, in its transformation into 
the three distinct types of blood cells, viz., into red blood cells, white 
blood cells and megakaryocytes (platelets). Generally the disease 
is ushered in by granulocytopenia but is followed soon by thrombo- 
cytopenia, affecting the red blood cells only at a later stage in the form 
of a progressive anemia. This combination of symptoms and their 
consecutive appearance are characteristic of the clinical entity called 

table n 


Blood Findings in Control Rats 









Differential count 
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8 . 
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No. 
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6331 

Jan. 

14 
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cent 

68 
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cent 

32 
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0 
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6547 

Dec. 21 
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11.98 

■WS? 

■ 

86 

14 

0 

0 

— 

_ 

6611 

Apr. 

22 

104 

11.90 



76 

18 

6 

0 

— 

— 

6770 

Dec. 

2 

— 

— 


— 

72 

25.5 

2.5 

0 

— 

— 

6909 

it 

7 

98 

9.95 



53 

43 

4 

0 

— 

— 

6943 

U 

11 

90 

9.52 

Kjrfrl 

710,000 

El 

49 

1 

0 

— 

— 

6957 

Aug. 

13 

95 

12.31 

n 


Q 

19 

1 

0 

— 

— 

6959 

Dec. 

18 

72 

9.67 



H 

35 

8 

0 

— 

— 

7126 

ft 

4 

90 

9.10 

12,900 

440,000 

37 

60 

2 

1 

i 

— 

7203 

It 

2 

— 

— 

— 

— 

47 

52 

1 

0 

— 

— 

7348 

Jan. 

12 

105 

14.25 

11,900 

1,020,000 

80 

18 

2 

0 

— 

<0.1 

7696 

Mar. 

5 

82 

9.93 

10,400 

830,000 

54 

45 

1 

0 

2 

' — 


by Frank (10) aleukia hemorrhagica, which again is more or less 
synonymous with the term aplastic anemia. 

The hematological data given in Tables I and III suggest in 2 rats already 
mentioned (6873 in Table I and especially 7237 in Table III) the presence of pure 
red cell anemia as a sign of a lesion involving only the red cell-producing system. 
In exceptional cases, for instance in rats 7438, 7574 and 7867 (Table I), granulo- 
cytopenia seems to be the leading symptom, and platelet production and erythro- 
poiesis are normally active or are interfered with only to a mild degree. This 
manifestation could be classified as uncomplicated agranulocytosis. 
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Anatomical and Histological Examination 


Mucous Membranes . — Necrotic and ulcerative changes around the mouth (Fig. 
2) and on the mucous membranes, almost specific signs of human agranulocyto- 
sis, were observed rather infrequently in the rats which displayed signs of granu- 
locytopenia. Furthermore, changes of this kind have been encountered in rats 
that were kept on the vitamin B s free basal diet but did not show signs of disturbed 
hematopoiesis. 

Bone Marrow . — Fresh biopsy specimens of bone marrow (femur, humerus, 
vertebrae) from a healthy animal showed that the marrow was very cellular and 
included cells of all three blood systems: white blood cells, red blood cells and 
megakaryocytes. In contrast to this normal finding, bone marrow smears from 
femur, humerus and vertebrae of a rat which succumbed to the experimental 
aleukia hemorrhagica (rat 7570) showed distinctly reduced cell content. In the 
gross the bone marrow cavities seemed to be filled with fluid blood. The bone 


marrow of the vertebrae and femur could be considered very hypoplastic, and 
that of the humerus even more so. Myelocytes and myeloblasts were only rarely 
seen in the smears. Megakaryocytes were missing in the humerus and vertebrae; 
only one was found in the femoral marrow. Normoblasts and early and late 
erythroblasts were present and were more common than cells of the granulocytic 
senes. There were also phagocytic cells and, in the vertebral marrow, cells that 
were apparently lymphoid. 

Similar findings were recorded in fresh bone marrow smears obtained from a 
second animal that was in a rather less advanced stage of the disease (rat 7870). 

The results of the examination of fresh bone marrow have been substantiated 
by histological studies carried out on 25 rats in diverse stages of the disease. 
Appearance of the marrow varied in different bones and in the bones of different 
animals. In some, the only abnormalities were intense hyperemia, almost entire 
absence of megakaryocytes and a reduction in the number of cells, chiefly the 
granulocytes, in the marrow (Fig, 3). In others, in addition to the severe hy- 
peremia, there was a varying amount of hemorrhage and edema, accompanied by 


ore pronounced reduction in the number of cells in the marrow, and the granulo- 
cytes and megakaryocytes were altogether missing. Many of the patches of 
ema contained deposits of fibrin (Fig. 4). Small deposits of brown pigment, 
™ ich did not give the reaction for iron but in many instances showed crystalline 
ormation in the characteristic burrs of bematoidin, were repeatedly found. In 
e marrow of sotne bones of most of the animals and in that of all the long bones 
sc ™ e the animals megakaryocytes and granulocytes were entirely absent and 
e emat °poietic cells in the tissue of the marrow had almost completely dis- 
appeared (Fig. 5). 

an<f 1< h r0Wla ^ Bodies . — A frequent postmortem finding in the internal organs, 
,p. * most striking, was hyperemia and hemorrhage in the suprarenal bodies 

!g ' '* hemorrhage was easily recognizable in 24 out of 72 animals and 
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varied in extent from small patches, in the cortex or medulla or both, to diffuse 
hemorrhage with obliteration of the natural architecture of the entire organ. 

Microscopically, in the regions of hyperemia alone, the vessels were distended 
with blood and the cells between them showed a varying degree and amount of 
degenerative change. In those parts where the hyperemia was intense and also 
in the regions of extravasation of blood, the parenchyma was almost or entirely 
destroyed. The destruction of parenchyma was evidently secondary to the 
hyperemia or hemorrhage because in the parts that were not affected by these 
processes the parenchyma was quite well preserved (Fig. 7). 

In the hyperemic and hemorrhagic suprarenal bodies of 2 of the animals there 
were masses of bacteria in the cortex but no surrounding inflammation. Most of 
the masses of bacteria were within the blood vessels, and the parenchyma imme- 
diately surrounding them showed coagulation necrosis. 

Kidneys . — Only 2 of the animals showed abnormalities recognizable in the gross. 
These consisted of massive necrosis of the upper pole of both kidneys in one animal 
and patches of necrosis in the upper pole of one kidney in the other animal. 
They were the same animals in which the suprarenal bodies also showed foci of 
necrosis with masses of bacteria in them. The kidneys of some of the animals 
showed a varying amount of hyperemia and some were slightly swollen, but many 
appeared quite normal. 

Microscopically, the only change of a general nature was a varying degree of 
degeneration of the tubular epithelium, which in no case was very severe. In the 
portion of the kidneys of the 2 animals necrotic in the gross, the tissue showed 
the typical picture of coagulation necrosis. In this necrotic tissue, however, and 
mostly within the dilated blood vessels there were masses of bacteria. Sur- 
rounding these bacterial masses there was no inflammatory reaction. With the 
exception of the bacterial emboli no other cause of the necrosis was observed in 
the sections. The large blood vessels were patent. 

Spleen . — At macroscopical examination the spleen showed only hyperemia. 
There were no striking changes of size and no other characteristics recognizable 
in the gross. 

Microscopically the sinusoids were distended with blood. In the pulp, espe- 
cially around the lymphoid follicles (Fig. 8), there were zones of hemorrhage. 
Most of the follicles had no germinal centers. The most striking abnormality was 
the absence of megakaryocytes. In the pulp there was moderate cellularity with 
a varying amount of histiocytic hyperplasia and fibrosis (Fig. 9). In the zones of 
hemorrhage the pulp cells showed varying degrees of degenerative change but in 
other portions they were well preserved. In the pulp of some of the spleens 
there were small deposits of brown pigment similar to those in the bone marrow. 

Intestine . — In several animals that had clinical melena the large intestine 
showed, microscopically, some extravasation of blood in the mucosa without 
accompanying inflammation. 

Testes . — In 2 of the rats the testes, in the gross, were intensely hyperemic. 
Microscopically, these testes showed great dilatation of the blood vessels and 
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The 2 rats that received the blood of rat 7159 and 6 of the 8 rats injected with 
the brain broth culture of the staphylococcus isolated from rat 7298 were on the 
same vitamin Be free diet that was fed the experimental animals. Several dis- 
played specific symptoms of acrodynia. The basal diet of the 2 remaining injected 
rats was deficient in lactoflavin; that is, it was supplemented with vitamin Bi 
and Peters’ eluate but not with lactoflavin. One rat on the vitamin Be free diet 
died in the first 12 hours after intraperitoneal injection of the brain broth culture 
without exhibiting any sign of anemia or hemorrhagic diathesis. The remaining 
7 animals on the Be deficient diet and the 2 on the lactoflavin deficient diet were 
observed for several weeks. No untoward effect was seen except for a slight local 
abscess formation at the place of injection of the brain broth culture in some of 
the rats, accompanied by temporary loss in weight. Blood examination 24 hours 
after injection revealed no alteration in the direction of panmyelophthisis. 



Rat 6331 
(B6 deficient 
diet) 

Rat 7038 
(Lactoflavin 
deficient diet) 

Rat 7076 
(Lactoflavin 
deficient diet) 

Hemoglobin, per cent 

94 

100 

88 

Red blood cells, per c.mm., millions 

10.6 

8.8 

8.0 

White blood cells, per c. mm 

Differential count: 

23,900 

12,400 

8,800 

Polymorphonuclears, per cent 

83 

63 

35 

Lymphocytes, per cent 

14 

36 

65 

Monocytes, per cent 

3 

1 

— 

Platelets, per c. mm 

310,000 

290,000 

150,000 


In view of these facts we are inclined to believe that the bacterial invasion found 
in the majority of the panmyelophthisic rats examined for bacteria was a sec- 
ondary process due to generally lowered tissue resistance. The same conclusion 
may be drawn with regard to the coagulation necrosis in the suprarenal glands and 
in the kidneys in which bacteriological emboli were found during histological 
examination, as mentioned above. The absence of more pronounced inflammatory 
changes is only a natural consequence of the breakdown in cellular defense and 
tallies well with the histological picture in human agranulocytosis given by 
Piette (11). 

Great care was taken to exclude the possibility of Bartonella infection, which 
has been proved to be an important and frequently even a misleading complication 
in rats (12) and in dogs (13). The anemia produced by Bartonella infection in 
rats and dogs is always accompanied by leucocytosis, in particular by granulo- 
cytosis. Hemorrhagic manifestations were never recorded. In our anemic rats 
that manifested hemorrhagic diathesis and granulocytopenia, Bartonella bodies 
were missing, as was to be expected. 

The negative or at least inconclusive results of the bacteriological 
search for the possible etiology of the panmyelophthisis encountered 
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in our rats bring again to the foreground the possibility that a nutri- 
tional deficiency is the main causative factor. 


Summary of Experimental Data 

In previous studies on the vitamin B: complex reported by one of 
us (3) in which a synthetic diet was used consisting of rice starch, 
casein (Glaxo), melted butter fat, cod liver oil, salt mixture and, as 
supplements, purified vitamin Bi and lactoflavin preparations, the 
syndrome of anemia and hemorrhagic diathesis was never observed. 
In the studies now reported, rice starch was replaced in the diet by cane 
sugar and the purified lactoflavin preparation by crystalline natural, 
later synthetic, lactoflavin, while the vitamin Bi concentrate was of 
the same source and of the same degree of purification as that used in 
our previous experiments. Under these conditions panmyelophthisis 
was noticed in 33 animals. Of the rats which manifested acrodynia 
when they were kept on the vitamin B s free basal diet and which were 
subsequently treated with purified vitamin B t concentrate prepared* 
from wheat germ, cane molasses and rice polishing, 39 developed ane- 
mia and hemorrhages. In contrast to these facts, signs of aregenera- 
tive anemia were completely missing in vitamin B t deficient rats that 
died from acrodynia or in those that were treated with cruder Bn 
concentrates such as Peters' cluate, yeast, cow’s milk, human milk 
(both milks in daily doses 3.0 cc.), liver or wheat germ autolysate. 
Anemia and hemorrhagic manifestations were also absent in rats that 
received, in addition to the vitamin Be free diet plus vitamin Bi con- 
centrate, Peters' eluate instead of lactoflavin. The lactoflavin defi- 
cient rats remained under observation for several months and never 
showed any signs of pathologic hematopoiesis or hemorrhages. This 
group included 85 animals. Of these, 49 have been successfully 
treated with lactoflavin or with human milk and cow’s milk, 16 


These Be preparations represented different degrees of concentration. In the 
case of wheat germ the purification was extended generally over autolysis, pre- 
h^d ““-I ' eai * acetate > adsorption on fuller’s earth, elution with barium 
r°xi e to precipitation with phosphotungstic acid and regeneration of this 
reapjtate with barium hydroxide. Details are given in the paper by Birch and 
polish^ ^ Similar preparations have been made from cane molasses and rice 
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succumbed to the lactoflavin deficiency, 6 to diarrhea, 2 to pneumonia 
and 12 to other infections. 

As to the incidence of panmyelophthisis, it has to be borne in mind 
that the current experiments served primarily for purification of 
vitamin B 6 . The group of vitamin B 6 deficient rats included 319 ani- 
mals. Of these 52 were cured of acrodynia, 70 died from the s am e 
disease, 41 succumbed to pneumonia, 30 to septic inf ections comprising 
kidney and lung abscesses, 54 to diarrhea and other infections the 
cause of which could not be determined and, finally, 72 developed 
panmyelophthisis. This number appears to be a high percentage 
considering the fact that in the majority of animals the B c deficiency 
was not eliminated and acted as a complicating factor. 

Panmyelophthisis developed in several of our animals that had been 
previously treated with vitamin B 6 preparations of varying purity and 
cured of the Be deficiency disease. They were kept continuously on 
the basal diet after treatment had been discontinued. In view of these 
complications it is difficult to evaluate the significance of the length 
of the preparatory period needed for the development of the hemor- 
rhagic disease in question. We have observed the onset of the disease 
after the following periods of time had elapsed. 


Number of weeks elapsed 

5 

6 

7 

8 

9 

B 

11 

12 

13 

14 

15 

16 

17 
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21 
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Thus, on an average, 14 weeks elapsed before the first symptoms of 
panmyelophthisis could be noticed, although they might occur after 
5 to 6 weeks of a preparatory period. 


As to the influence of sex, panmyelophthisis was observed in almost even 
distribution: 38 female and 34 male animals. 

Seasonal variations were a more pronounced factor. There were two distinct 
peaks, one in spring and one in late fall, with a definite minimum in August, 
September and October. The period of observations covered 12 months, from 
June, 1936, through May, 1937. 
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The influence of seasonal variations cannot be explained by temperature dif- 
ferences, for the temperature of the animal room was kept at a fairly constant 
level, except perhaps on days of very warm outside temperature when regulation 
was not possible. In view of the depressing influence of cold environmental 
temperature on the bone marrow, shown by Huggins and Blocksom (14), one 
would have suspected that the same physical factor should at least accelerate the 
production of panmyelophthisis. Contrary to these expectations, out of 34 rats 
which for varying periods up to 26 weeks we exposed daily between S p.m. and 
9 a.m. to cold temperature (about 40°F.) only one animal developed anemia 
(rat 7237 in Table III). Surprisingly, the same rat was one of the 2 animals that 
manifested “pure red cell anemia” without diminution of the white cell and 
platelet counts. 7 

The fact that panmyelophthisis has never occurred in rats that have 
received Peters’ eluate was considered by us a possible due to the 
nutritional etiology of panmyelophthisis. In order to prove this 
assumption we tried administering Peters’ eluate to several rats ill 
with panmyelophthisis. Unfortunately many animals were already 
in a moribund state when the very acute, usually almost fulminant 
breakdown in hematopoiesis was discovered. They died despite 
treatment, from 1 to 2 days after it had been initiated, frequently 
refusing any medication or food. In animals in which aleukia hemor- 
rhagica was diagnosed at an early stage, administration of Peters’ 
eluate in doses corresponding to 10 to 100 gm. of fresh yeast daily 
prevented the fatal issue and restored normal conditions. Out of 12 
rats which survived the first 2 days of treatment, 4 died with very 
severe manifestations of progressing aleukia hemorrhagica (3 on the 
3rd and 1 on the 4th day of the therapeutic assay). 8, however, were 
saved. They showed a gradual improvement in the morphologic 
blood composition (see Table III) and in the permeability of the 
vessels (purpura). It is of interest to note that in rat 7882 the 
increase in the white cell count and in the granulocyte count was 
the first sign that a positive effect was exercised by Peters’ eluate, 
the hemoglobin value, red cell count and platelet count at the same 
time having still shown a decline. In rats 7811 and 7984 subcutaneous 
medication proved equally beneficial. 

7 In contrast to the negative results with regard to the possibility of accelerated 
production of panmyelophthisis, symptoms of acrodynia appeared distinctly earlier 
in the cold-treated rats than in the control animals (15). 
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In comparison to the pathologic findings in the animals ill with panmyelophthi- 
sis, it is of essential importance to note that in rat 6946, which had made a complete 
recovery after treatment, the microscopic appearance of the bone marrow and of 


TABLE nr 


Blood Findings before and after Specific Treatment of Panmyelophthisis in Rats 
Values recorded after treatment are in italics 
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the spleen was entirely normal (Figs. 11 and 12), with numerous megakaryocytes 
and other blood cell-producing elements. 8 

8 An incidental finding in the autopsy specimens of bone marrow and spleen 
from one patient who received Peters’ eluate was a great increase in the number 
of megakaryocytes and megakaryobksts. We do not attempt to evaluate this 
finding, but it is of interest because of similar findings in rats treated with the 
same preparation. 
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DISCUSSION 

From the foregoing resume of the experimental findings recorded 
for 72 rats it becomes evident that a new disease of the rat has been 
found. The hematological data, controlled by study of fresh bone 
marrow smears and by histological examination of the bone marrow 
and the spleen, together with a great variety of hemorrhagic mani- 
festations, correspond to the classical syndrome of aplastic (aregenera- 
tive) anemia (aleukia hemorrhagica). It is now generally accepted 
that the human counterpart of this disease, aplastic anemia, or pan- 
myelophthisis as its histological equivalent, is the final combined result 
of three more or less separate, pathologic reactions involving transfor- 
mation of rcticulo-endothelial cells into (a) red blood cells, ( b ) white 
blood cells and (c) megakaryocytes. This conception is borne out by 
the fact that morbid conditions that affect only one specific system of 
blood cell production are widely known in human pathology; we have 
(a) agranulocytosis or granulocytopenia from deficient production of 
white cells, especially of granulocytes, (5) thrombocytopenia from 
lack of platelets and (c) pure red cell anemia from diminished produc- 
tion of erythrocytes caused by arrest in maturation of red blood cells 
in the first stage of their formation. 

These considerations apply equally well to our animal experiments, 
especially with regard to the gradual transition of a partial aplasia, 
as, for instance, agranulocytosis into fully developed panmyelophthisis. 

In rats, partial or total arrest in maturation of the reticulo-endothe- 
lial cells has been produced by nutritional deficiency, and in particular 
by lack of one constituent of the vitamin Bj complex, a component 
which in this connection may be regarded as a specific maturation 
factor. In some animals panmyelophthisis developed when they were 
kept on the diet used by us, usually after spontaneous improvement 
of a mild acrodynia which had just started. In the greater part of 
our observations, however, the specific blood dyscrasia followed the 
addition of a more or less purified vitamin Bs concentrate, which was 
administered in order to cure the acrodynia in progress. In the 
majority of these cases the vitamin B 5 deficiency disease (acrodynia) 
was in distinct remission, or even completely cured, before symptoms 
of aleukia hemorrhagica became manifest. Therefore we have to 
infer that the maturation factor must be different from vitamin B«. 
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Furthermore, in uncomplicated deficiency of the filtrate factor, symp- 
toms of anemia or of a hemorrhagic diathesis were not noticed and 
not reported (5). We could neither prevent nor cure panmyelophthi- 
sis merely by addition of the fuller’s earth filtrate of a rice bran extract 
which was supposed to be rich in the filtrate factor (5). We believe, 
therefore, that this factor cannot be the determining cause of the 
specific disturbance in hematopoiesis. In our opinion it appears more 
likely that the maturation arrest in the hematopoietic tissues that 
occurred as a preliminary reaction to panmyelophthisis in our rats 
is related to lack of a hitherto unknown factor (or factors) of the 
vitamin B 2 complex. 

Such a theory of specific nutritional disturbance is borne out by the 
fact that panmyelophthisis was regularly prevented and, in cases where 
it was recognizedin an early stage, also curedby a watery yeast extract 
concentrate, represented by Peters’ eluate. It was not prevented or 
cured, however, by lactofiavin or by purified vitamin B 6 concentrates 
or by a supposedly active filtrate factor preparation. 

It is a common occurrence in vitamin studies that only one disease becomes 
apparent in cases of a combined deficiency while the other deficiencies remain more 
or less suppressed. For instance, rats kept on a diet deficient in the whole vitamin 
B complex do not show symptoms of acrodynia but show merely symptoms of 
polyneuritis or even only of dystrophy. Production of acrodynia is accelerated 
by the addition of a sufficiently large amount of vitamin Bi to the diet (Kellogg 
and Eddy (16), Gyorgy (3)). By assuming the presence of a combined deficiency 
in the basal diet used in our present studies, we may surmise that, under the 
conditions chosen, vitamin B6 deficiency was the dominant disease, while pan- 
myelophthisis was relegated to a more latent position. This prevalence is not 
absolute, however, as we were able to observe in several animals in which the 
concurrence of the two diseases ended in favor of panmyelophthisis. The domi- 
nance of the vitamin Bs deficiency also satisfactorily explains the fact that 
aplastic anemia was more frequently encountered in rats in which treatment of 
acrodynia had been instituted with purified B6 concentrates (presumably deficient 
in the maturation factor or factors) than in the untreated rats. 

Our investigations failed to find support for the assumption that, 
in the production of panmyelophthisis, specific infection in addition 
to basic nutritional disturbance plays an important etiologic r61e. 
Although this negative result does not exclude with final certainty the 
interaction of an undetermined bacteriological cause, which is then 
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subject to nutritional influence, we have to regard an interaction of 
this kind as a very remote possibility. 

Whereas partial symptoms of panmyelophthisis, produced in animals by 
nutritional means, have been described prior to our own observations, they were 
either not recognized as such or at least were not recognized in their relation to the 
common denominator of maturation arrest in the primary blood-producing tissue, 
the reticulo-endothelium. 

In chronological order the first contribution we have to mention is a paper by 
Shipley, McCollum and Simmonds (17) in which it is stated that in rats kept on a 
vitamin B complex free diet there might develop lesions in the bones "which are 
essentially identical with those seen in guinea pigs suffering from acute and uncom- 
plicated scurvy," hemorrhages in the medullary cavity and, finally, complete 
destruction of the cellular marrow elements. Disappearance of the bone marrow 
generally precedes the hemorrhages. Hemorrhages in other organs and, in par- 
ticular, purpura-like blood effusions were not described, however, and Happ (18), 
who carried out blood examinations on 2 rats of this group, failed to demonstrate 
even a slight degree of anemia but found some leucopenia, significantly without 
agranulocytosis. Shipley, McCollum and Simmonds attributed the pathologic 
findings in bone and bone marrow' to beriberi and compared them with scorbutic 
manifestations in guinea pigs deficient in vitamin C. At the time of publication of 
their findings, the composite nature of vitamin B was not realized. In view of 
our recent observations we may consider that the bone marrow' changes, including 
the medullary hemorrhages, were a forme fruslc of panmyelophthisis and therefore 
were manifestations of deficiency of a specific maturation factor. 

In nursing young of mother rats which during pregnancy and lactation were kept 
on a diet with an apparently suboptimal content of the vitamin B complex, present 
as wheat germ or yeast, Sure and Schilling (19) and Moore, Brodie and Hope (20) 
have reported, in addition to paralytic conditions, hemorrhages in the osteogenetic 
tissues and also, with far less regularity, in the subcutis (petechiae) and in the 
internal organs. Blood findings and histological bone marrow examinations were 
not reported. 

More closely resembling our own observations, but still far from the fully 
developed picture of panmyelophthisis, are those recently described by Miller and 
Rhoads (21) in dogs and by Day, Langston and Shukers (22) in monkeys. The 
former authors emphasized the analogy of the clinical syndrome of agranulocytosis 
with the condition encountered in dogs fed a modification of the black tongue 
producing diet of Goldberger. Hematological data are given for 10 dogs. In only 
one dog, however, did the granulocytes drop to a level as low as 15 per cent. They 
were on the average >50 per cent, with a very definite total leucopenia. The 
histological picture of the bone marrow given by Miller and Rhoads showed also 
far from complete destruction of the granulocytes or other blood cell-producing 
elements. 
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In 6 young macaques, Day, Langston and Shukers obtained evidence of anemia 
and leucopenia resulting, in their opinion, from vitamin deficiency. Addition of 
yeast to the diet prevented the disturbance in morphologic blood composition. 
In general, as leucopenia developed in monkeys kept on the basal diet, "the 
decrease in white cells appeared to be more at the expense of the neutrophils than 
of the lymphocytes.” But inasmuch as the differential counts were very variable, 
the authors admitted that “it is difficult to make any broad statement that holds 
true for all the animals.” This statement excludes also the diagnosis of a true 
agranulocytosis, in spite of the unquestionable tendency to it. 

Hemorrhages and low platelet counts, indispensable attributes of panmyelo- 
phthisis, were reported neither by Miller and Rhoads nor by Day, Langston and 
Shukers. In a personal communication Day points out that the hitherto unpub- 
lished platelet counts of his animals were usually within or only slightly below the 
physiological range during the disease but that they always dropped distinctly 
before death. Hemorrhages were absent even in this stage. 

In spite of the incomplete symptomatology, the disturbance in hematopoiesis 
described by Day, Langston and Shukers in monkeys and by Miller and Rhoads 
in dogs may be considered to be probably related to the classical picture of aleukia 
hemorrhagica encountered by us in rats. This analogy is substantiated by the 
seemingly identical nutritional etiology. 

Several authors (Witts (23), Beck (24), Fitz-Hugh (25)) have as- 
sumed that a hypothetical maturation factor influences the regulation 
of the primary blood production also in man. As to the origin of this 
factor, endogenous (hormonal) or exogenous (dietary) sources have 
been taken into consideration. For purely theoretical reasons Witts 
regarded the second possibility as more consistent with clinical facts, 
thus putting the pathogenesis of panmyelophthisis on a qualitative 
basis similar to that of pernicious anemia, although he was at the same 
time unable to identify the “maturation factor” for which he searched. 9 

However, in man this supposedly nutritional etiology represents, 
certainly to a greater degree than can be inferred from our animal ex- 
periments, at least in the majority of cases, merely the background or 
basis for the bone marrow depression and its clinical manifestations. 
Although it is now generally accepted that bacterial influence is of 
only secondary importance and that infections follow rather than pre- 
cede aplastic anemia (Frank (10)) or agranulocytosis (Roberts and 
Kracke (26), Baldridge and Needles (27), Thums (28)), toxic factors 

9 See Wilts’s scheme of anhematopoietic anemias showing point of action of 
the substances essential for blood formation (23, page 549). 
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in many cases seem to activate or to release the chain of reactions 
leading finally to the clinical syndrome of aplastic anemia and its sub- 
groups. Lately the presence of such a causal toxic influence, as well 
as that of the well known roentgenologic effect, has been proved for 
organic arsenic compounds (29), for benzene (30), dinitrophenol (31), 
gold preparations (32), quinine (33) and for amidopyrine (34), the 
latter particularly with regard to agranulocytosis. 

The question whether these substances exert their toxic influence directly or 
through a secondary reaction, based on specific sensitivity, is not yet finally settled. 
The observations of Squier and Madison (35) as well as those of Disselmeyer and 
Zorn (36) seem to substantiate the presence of amidopyrine sensitivity in cases of 
agranulocytosis during or after medication with this drug. It is particularly 
interesting that administration of even one small dose of amidopyrine to these 
patients after they had recovered had a definite depressive action on the bone and 
on the bone marrow (35, 36, 37), an effect that could be closely followed in bone 
marrow smeare of biopsy material (Plum (38)). The same deduction applies 
with regard to thrombocytopenic purpura that occurs as result of quinine sensi- 
tivity (33 b). On the other hand several authors, in the first place Kracke and 
his corvorkers (34), maintain that most of the chemical compounds prominent in 
the etiology of panmyelophthisis and its subgroups act chiefly through their ben- 
zene riDg which, after it is oxidized in the body, acquires direct toxic properties. 

On the whole, the experimental production of agranulocytosis in animals was 
not successful in spite of several attempts. Infections (39), bacterial toxins (40) 
and also, with rare exceptions (41), the drugs (42) that played a definite r61e in 
suppression of the bone marrow function in man failed to produce conclusively 
relevant disturbances in animals. 

We tried to produce panmyelophthisis by administering amido- 
pyrine to rats kept under experimental conditions that were the same 
as those found necessary for spontaneous manifestation of the disease. 
Unfortunately we encountered difficulties in administration of amido- 
pyrine to rats by mouth. It was impossible to pursue medication 
with 2 cc. of a 1 per cent solution of amidopyrine in 4 rats for longer 
than 1 week. To 2 other animais 0.5 cc. of the same solution was fed 
for 4 weeks. In ail these 6 rats the results were completely negative. 
The morphologic blood picture presented normal data, and no symp- 
toms of hemorrhagic diathesis could be detected. These negative 
results may be explained either by refractory behavior of our rats with 
regard to a directly toxic action of amidopyrine or by the fact that it is 
impossible to sensitize rats against this drug. The latter explanation 
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appears especially likely to us in view of the general unsuitableness 
of the rat for allergic experiments. But be that as it may, so far we 
have not been able to demonstrate in rats ailing with panmyelophthisis 
the presence of etiologically important toxic factors. Such non-toxic 
forms of the disease occur also not infrequently in man. The con- 
clusion drawn as to the intimate relation between inhibited formation 
of bone marrow cells in man and that experimentally produced in 
rats is therefore valid for the time being for these non-toxic, so called 
idiopathic forms. 

The experiments here reported cast new light on. the so called Water- 
house-Friderichsen (W.-F.) syndrome that is characterized clinically 
by sudden onset, prostration, high fever, hyperpnea, rapidly fatal 
course and, as a special feature, by purpura in addition to monolateral 
or more frequently bilateral suprarenal hemorrhage found at post- 
mortem examination. The first case was mentioned rather casually 
by Marchand (43) in 1880; later, Little (44), Dudgeon (45), Langmead 
(46) and others have given similar reports, but only since the analysis 
offered by Waterhouse (47) and later by Friderichsen (48) has its 
character as a specific and independent entity been recognized. The 
syndrome is usually encountered in young infants, from 6 months to 
3 years of age, but it has also been found in older children and in 
adults (49). It is certainly different in its genesis from the suprarenal 
hemorrhage of the newly born, as the latter condition is determined 
essentially by purely mechanical causes (50). 

Purpura, suprarenal hemorrhage, prostration and a rapidly fatal 
course frequently occurred in our rats as peculiarly grouped mani- 
festations of panmyelophthisis. Furthermore, in a case of the W.-F. 
syndrome Glanzmann (51) found progressive thrombocytopenia and 
distinct diminution of the granulocytes with degenerative changes in 
the remaining polymorphonuclear cells. Although these blood find- 
ings seem to be rather exceptional, and leucocytosis prevailed in 
similar cases (50 6), the close analogy between the W.-F. syndrome 
and the appearance of some of our rats that were ill with panmyelo- 
phthisis can be regarded nevertheless as exceedingly striking. 

Etiology of the W.-F. syndrome is now generally attributed to a 
septic infection and in particular, certainly in the majority of cases, 
to a fulminant meningococcus sepsis which ends fatally before the 
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local alterations of meningitis may develop. However, in rats ill 
with the corresponding syndrome we were unable to prove the exist- 
ence of a primary infection as a decisive etiologic factor. Whereas a 
negative observation such as this does not exclude with certainty the 
presence of an unrecognized infection, the nutritional control of the 
production of the syndrome in rats permits us to make at least another 
important suggestion with regard to its human equivalent. From the 
rat experiments we may hypothesize that the bacterial, septic etiology 
of the W.-F. syndrome in man is built up on the basis of a nutritional 
deficiency similar to that which we have found necessary for the pro- 
duction of the analogous disturbance in rats. With this assumption 
it becomes conceivable why meningococci provoke the specific W.-F. 
syndrome only in certain persons. 

The possible identity of the maturation factor active in our rat 
experiments with vitamin K (52) is ruled out by the morphologic 
blood composition and the normal clotting time in rats ill with pan- 
myelophthisis as well as by the difference in solubility, vitamin K. 
being fat-soluble, the maturation factor apparently water-soluble. 
The same conclusion applies with regard to the identity of the matura- 
tion factor with so called vitamin P (53), the biological function and 
clinical use of which certainly seem to be different from those of our 
maturation factor. 


SUMMARY 

During the 12 months ending May, 1937, 72 rats were observed 
that manifested typical symptoms of panmyelophthisis. The disease 
may start as agranulocytosis, thrombocytopenia or pure red cell 
anemia, leading progressively, often rapidly, to aleukia hemorrhagica 
with its typical manifestations (epis taxis, melena, hematuria, purpura) . 

Blood examinations revealed correspondingly low white cell, red 
cell and platelet counts with very pronounced granulocytopenia (0 
to 4 per cent). Bone marrow smears and histological findings were 
consistent with the diagnosis of panmyelophthisis. 

Suprarenal hemorrhage was a frequent postmortem finding. 

The pathogenesis of this experimental panmyelophthisis and this 
hemorrhagic diathesis is confined to special nutritional conditions. 
These diseases have been observed by us in rats kept on a diet deficient 
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in vitamin Be, containing cane sugar and supplemented with vitamin 
Bi and crystalline natural or synthetic lactoflavin. Lack of vitamin 
B6, however, is not a necessary condition, since the disease was en- 
countered in the majority of the animals after the specific deficiency 
disease which became apparent in rats kept on the Be free diet was suc- 
cessfully treated with purified Be preparations. Even in the untreated 
animals kept on the Be deficient diet acrodynia was, as a rule, in dis- 
tinct remission before symptoms of panmyelophthisis and hemorrhagic 
diathesis became manifest. 

By means of the addition of Peters’ eluate to the basal diet, pan- 
myelophthisis could be prevented and, in animals where it was recog- 
nized in an early stage, cured. In view of these facts it is suggested 
that Peters’ eluate contains a specific maturation factor for the pri- 
mary blood-producing tissue, the reticulo-endothelium, a factor which, 
being different from lactoflavin, vitamin B 6 and probably also from the 
so called filtrate factor, constitutes another distinct component of the 
vitamin B 2 group. 

Bacteriological studies brought forward no conclusive positive 
evidence for the infectious etiology of the experimental panmyelo- 
phthisis in our rats. 

The possible relation of this new disease in rats to aleukia hemor- 
rhagica and its partial manifestations in man, as well as to the so called 
Waterhouse-Friderichsen syndrome, is discussed. 

Administration of amidopyrine, at least under the conditions chosen, 
failed to provoke panmyelophthisis in rats kept on the same diet as 
that given to rats in which the disease spontaneously developed. 
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EXPLANATION OF PLATES 
Plate 15 

Fig. 1. Hemorrhagic diathesis in rat 6722, showing effusion of blood into the 
skin (typical purpura). 

Fig. 2. Noma-like gangrene in and around the mouth of rat 7703, seen in ad- 
vanced stage of panmyelophthisis. 




Plate 16 


Fig. 3. Section of bone marrow from humerus of rat 7152;Giemsa stain used. 
There is intense hyperemia, with moderate edema. Marrow cells are greatly de- 
creased in number and megakaryocytes or granulocytes are almost entirely absent. 
X 297. 

Fig. 4. Section of bone marrow from humerus of rat 7133; Giemsa stain used. 
Varying amount of hemorrhage and edema is shown, with deposits of fibrin in 
many of the patches of edema. X 297. 

Fig. 5. Section of bone marrow from humerus of rat 7130, stained with hema- 
toxylin and eosin, showing exhaustion of marrow and severe edema. There is some 
deposition of fibrin. Marrow cells have almost completely disappeared, and no 
megakaryocytes are seen. There is some extravasation of red blood corpuscles. 
X 297. 












Plate 17 


Fig. 6. Entire section of suprarenal body from rat 6722, stained with hematoxy- 
lin and eosin, showing patchy hemorrage and diffuse hyperemia. X60. 

Fig. 7. Section of cortex of suprarenal body shown in Fig. 6. Degeneration of cor- 
tical cells is seen in the region of hemorrhage and intense hyperemia. X 199. 
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Plate 18 

Fig. 8. Section of spleen from rat 6227; Giemsa stain used. Sinusoids are dis- 
tended with blood and zones of hemorrhage are seen around the lymphoid follicles. 
Megakaryocytes are absent. X 158. 

Fig. 9. Section of spleen from rat 6383, stained with hematoxylin and eosin, 
showing moderate cellularity in the pulp, with varying amount of hyperplasia of 
histiocytes. X 280. 










Plate 19 

Fig. 10. Section of skin of rat 7159, stained with hematoxylin and eosin, showing 
hyperemia, hemorrhage and edema in upper portion of corium. X 100. 
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(Gyorjry rt of.: Fanmyelophthbis) 



Plate 20 


Fig. 11. Section of bone marrow from humerus of rat 6946 which had made a 
complete recovery after treatment. Hematoxylin and eosin stain used. There is a 
normal number of megakaryocytes and the cellular marrow shows many granu- 
locytes. X 570. 

Fig. 12. Section of spleen from rat 6946 which had completely recovered after 
treatment. There is a normal number of megakaryocytes. X 49 5. 
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RELATION OF ALTERED LOCAL TISSUE REACTIVITY 
(SHYVARTZMAN PHENOMENON) TO INFECTION 
AND INFLAMMATION 


By ALAN R. MORITZ, M.D. 

(From the Institute of Pathology, Western Reserve University, and University 
Hospitals, Cleveland) 

(Received for publication, July 26, 1937) 

Shwartzman has described a phenomenon of induced local hyper- 
susceptibility to bacterial filtrates which differs in several importan 
respects from the Arthus phenomenon although it appears to belong 
in the general category of immune processes. Menkin has suggested 
that the Shwartzman reaction is non-specific and that it may c ex 
plained by the concentration of intravenously injected irritative su 
stance in an area of inflammation produced by a preceding loca 
injection of bacterial products. Menkin’s explanation was su PP° r c 
by the histological studies of Karsner and Moritz whic s^ owe a a 
primary local inflammation results from the preparatory injec ion an 
that the histological differences between it and the secondary' local in- 
flammation as manifested by the positive Shwartzman reaction are 
quantitative than qualitative. Gerber has taken exception o en 
kin’s view and pointed out that there is no parallelism between the p - 
tency of a bacterial product in preparing a tissue or t e war z t 
reaction and the capacity of that product to produce in amma ion 
Gerber’s histological studies of the phenomenon led him to suppo 
Shwartzman’s original concept “that the preparatory actor in 
state of vulnerability of the tissue which is not in the nature of a m 
trauma, increased permeability of capillaries or inflammation, n 
is probably due to some functional disturbance in t e “ 
quires a short incubation period for its appearance and which , 
rapidly.” The exact nature of this local functional disturbance man - 
tested by hypersusceptibility to injury is still o scure. , 

that whatever its nature may be, the effect of the local state of altered 



604 


ALTERED LOCAL TISSUE REACTIVITY 


reactivity on the survival, growth, and localization of pathogenic 
bacteria should be studied. Rich has recently reviewed the relation 
of the true allergic inflammation of hypersensitivity to the growth and 
spread of bacteria in man and lower animals, and he believes that there 
is no specific correlation between the degree of hypersensitivity and 
the degree of resistance to infection. He called attention to the fact 
that in the truly hypersensitive (allergic) body, not only the tissue 
cells but also the phagocytes are less resistant to injury, so that 
allergic inflammation per sc constituted a lessened, rather than an 
increased, defensive mechanism. 

A study of the relation of the Shwartzman phenomenon to resistance 
to and localization of infection was undertaken in two groups of 
experiments. 


Methods 

In the first group of tests, rabbits were inoculated subcutaneously with living 
organisms, and 24 hours later they were injected intravenously with a filtrate of 
the same organisms. These experiments afforded an opportunity to make histo- 
logical and bacteriological observations as to the effect of the intravenous injection 
of filtrates on the resistance to and growth of bacteria at the site of primary 
infection. 

In the second group of experiments, the rabbits were injected locally with bac- 
terial filtrate and 24 hours later they were injected intravenously with living 
organisms. These experiments were carried out to determine the relation of the 
increased local vulnerability (produced by the local injection of bacterial filtrate) 
to the localization and subsequent growth of circulating bacteria. 

A culture of B. acrtryckc obtained from Professor E. E. Ecker was used for the 
preparation of bacterial suspensions and filtrates. Bacterial suspensions were 
prepared from the 24 hour surface growths on dextrose agar slants. The surface 
growth of each tube was washed off with sterile normal saline, shaken vigorously 
with glass beads, and filtered through No. 2 Whatman paper, and then centrifuged 
and washed and resuspended to the original volume of 2 cc. per tube. Bacterial 
filtrates were prepared from the 24 hour surface growth of organisms on Kolle 
flasks. 24 hours after inoculation the surface growth of each flask was scraped off 
and suspended in sterile distilled water (2 cc. per flask). The suspended organisms 
were passed through a Seitz filter and the filtrate was found to be potent as a sub- 
cutaneous preparatory factor for the Shwartzman reaction in amounts as low as 
0.1 cc. without concentration (9 of 12 rabbits tested). Blank fluids prepared in 
the same manner as the suspensions and the filtrates, but without bacteria, were 
tested and were not potent either as preparatory or as provocative factors. 
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Experiment 1. The Effects of Intravenously Introduced Bacterial 
Filtrate on a Local Inflammation Produced by Homologous 
Organisms 

Living organisms were substituted for bacterial filtrate to produce 
a locus of increased vulnerability (Shwartzman phenomenon), and 
2i hours alter the local inoculation a filtrate from the same organism 
was injected intravenously. Alterations in the local reaction attribu- 
table to the intravenous injection of bacterial filtrate were studie 
morphologically and bacteriological!}'. 


Pathologic * If Study . — 12 rabbits were injected subcutaneously in thengh . uppei 
quadrant of the abdomen with 0.05 cc. of a suspens.onofl.vmg 
They were divided into three groups of 4 each. Rabbits 1 to 4 received n fur- 
ther treatment and served as controls. Rabbits 5 to 8 rece.vcd an uUmn 
injection of 2 cc. of a potent' meningococcus filtrate 24 hours after inoculation 
and also served as a control group. Rabbits 9 to 12 constituted the expenmental 
group and received an intravenous injection of 2 cc. o a i ra e p 
the same strain of B. aertryckc as was used for the 
All 12 rabbits were examined periodically and were ki e > r 
cervical spine at the intervals indicated in Table I. 


A comparison of the gross characteristics of t e oca in 77 , 
lesions in rabbits 1 to 4 with those of rabbits 5 to S s lowe cm o . 
similar and to consist of areas of subcutaneous edema o vary ing size 
vrith or without perceptible hyperemia. The intravenous lnjec lon ° 
meningococcus filtrate in rabbits 5 to 8, 24 hours after 77 a . 
living B. aertryckc, did not appear to effect any changes in e rea 
at the sites of inoculation In rabbits9 to 12 there was a striking gross 
change in reactions at the sites of inoculation after e in rav 
injection of B. aertryckc filtrate. Before the intravenous ln l ectIon 
filtrate, the local reactions were similar to those seen in. ® 
animals (Nos. 1 to 8 ) but within 4 to 6 hours after e in 

‘The meningococcus filtrate was potent as a preparatory factor in 
0.5 cc. or more in 7 of 10 rabbits tested ,f the ”f^ningococcic filtrate was 
intravenous injection of memngococcic flh tat ■■ that was subsequently 

not potent, however, in preparing the skin of th cwrrtzman reaction 

injected with the B. acrlrycke filtrate or in eliciting a positive , 
in a rabbit prepared by the local injection of B. acrtryc e 
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Hemorrhage 
and edema 
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injection, the local lesions became diffusely hemorrhagic with sub- 
cutaneous necrosis and extension of the area of edema. 

Specimens for microscopic examination comprised the entire thickness of the 
abdominal wall and included the entire site of the reaction to inoculation. The 
tissues were fixed for 48 hours in 10 per cent neutral formalin, sections were cut 
at 6 micra and stained with hcmatoxylin-cosin and cosin-methylcne blue. 

Microscopic examination of the inoculated sites of rabbits 1 to 8 
showed diffuse and dense infiltration of polymorphonuclear leucocytes 
at the end of 30 hours. This was associated with swelling and disin- 
tegration of coUagen, edema, and a collection of fibrin in tissue spaces 
At the end of 48 hours the lesions were more sharply circumscribed 
and active fibroblastic proliferation was apparent at the periphery 
Necrosis of collagen was seen in the center and although many oo 
vessels became packed with white blood cells, very few vessels appeared 
thrombotic, and hemorrhage was inconspicuous The or S an '^ tl ° n 
became progressively more extensive and after 72 and 96 .hours inflam- 
matory ksbns were definitely encapsulated. From the begin. a g 
there was marked degeneration and necrosis of exudative cells a 
there was a relative increase in the number o ymp ocy 
mononuclear cells as the interval after inoculation lens***"* 

Bacteria were abundant in all specimens examined. 3 I hours af te 
inoculation large masses of intact organisms were seen m the 
spaces. Many of these showed no penetration by 
the passage of time, these solid clumps of organisms becum dispe s d 

preparations, a large proportion o were seen in both 

Intracellular bacteria and basophilic granular ma 

polymorphonuclear leucocytes and ^^ndiffered from those seen 
The inflammatory lesions m rabbits _ t characteristics, 

in the control group (Nos. 1 to 8) 111 0UI ’ bacterial filtrate, 
Following the intravenous injection o extensive thrombosis 

the inflammatory lesions became hemorr. g , • an( j or g an ; za _ 
occurred, there was more extensive fixe t'^s'ie n sniall ’ cxtravasat j ons 
tion was delayed. Whereas in the con ro g • ^ lesions, 

of erythrocytes were seen in the centra por ion experi- 

diffuse central and peripheral hemorrhage was the rule exp 
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mental animals. Large and small arteries and veins were thrombotic 
and their walls were frequently necrotic. A zone of necrotic skeletal 
muscle and fibrous connective tissue could be identified outside of 
the zone of active exudation. In contrast to the localization of the 
lesion after 72 and 96 hours, as described in the control group, there 
was very little evidence of encapsulation in comparable animals of the 


table n 


Rab- 

bit 

No. 

Local inoculation of 
0.05 cc. of sus- 
pension of living 

B. aertryekt 

External examination of 
reaction at site of inocu- 
lation after 24 hrs. 

Intravenous injec- 
tion o[ B. atrlrycke 
filtrate 

External examination of 
reaction at site of inocu- 
lation after 48 hrs. 

Colonies in millions per 
gram of tissuc at site 
of inoculation 

Aliquot 

A 

B 

c 


Suspcn - 








sion No. 
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2 cc. 
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(Too many to 
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count) 


24 

it 
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it tt 

d-d-d- Edema 

93.7 

67.4 

69.6 





d-d-d- Hemorrhage 





experimental group. In the experimental group, the process, even 
at the end of 96 hours, was more of the nature of a phlegmon than an 
abscess. There were no significant differences between the cytologi- 
cal characteristics of the exudates of the two groups. In both groups, 
there was early degeneration and necrosis of exudative cells. In 
both groups, bacteria were numerous and a large proportion of them 
were granular. 
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Bacteriological Study , — Each of 12 rabbits was inoculated subcutaneously in 
the right upper quadrant of the abdomen with 0.05 cc. of a suspension of living 
B. aertrycke. The 12 were not all inoculated at the same time or with the same 
suspension of organism. 8 rabbits were inoculated with suspension 4-25 and four 
with suspension 6-26. These two suspensions were prepared in the same manner 
but the number of organisms was not determined. Although all of the animals 
of a group injected with the same suspension received approximately the same 
number of organisms, the number of organisms per inoculation in rabbits injected 
with suspension 4-25 was not known to be the same as that for rabbits injected 
with suspension 6-26. 

Each group was divided into two subgroups of control and experimental 
animals, as is indicated in Table II. The control animals of each group received 
no further treatment. 24 hours after inoculation each of the experimental animals 
received an intravenous injection of 2 cc. of B, aertrycke filtrate and 24 hours later 
all control and experimental animals were killed by the intravenous injection of 
air. The skin of the abdomen was scrubbed with green soap and water, dried, 
scrubbed with ether, and then with 70 per cent alcohol. A block of tissue measur- 
ing approximately 1 x 1 x 0.5 cm. was excised from the central portion of the inocu- 
lated site, and was placed immediately in a sterile weighing bottle. The tissue 
specimens weighed between 1 and 1.5 gm. After weighing, the tissues were trans- 
ferred to a sterile mortar and ground to a homogeneous pulp 2 with fine sand. The 
entire content of the mortar was transferred to a shaking bottle containing about 
50 glass beads and 100 cc. of sterile normal saline. The bottles were shaken vigor- 
ously; specimens from rabbits 1 to 8 in a mechanical shaker for 20 minutes, and 
specimens from rabbits 9 to 12 by hand for 10 minutes. Dilutions of 1:10,000, 
1:100,000, and 1:1,000,000 of the original mass of tissue were made and three 
plain agar plates were inoculated with 1 cc. from each dilution . A different aliquot 
of the original suspension of tissue was used for each plate. Colony counts were 
made at the end of 24 hours and 48 hours and the number of organisms per gram 
of tissue was calculated from these counts. 

Although the results of these experiments were not entirely con- 
sistent, they afforded some data of interest when compared with the 
previously described pathological study. Of the 8 rabbits injected 
subcutaneously with suspension 4-25, 4 received a subsequent intra- 
venous injection of bacterial filtrate. 3 of these survived and 2 of 

2 The epidermis resisted the most rigorous grinding and remained as a thin 
tough membrane. Microscopic examination of this membrane showed that it 
consisted of shreds of collagen fibers and epithelial cells. Since all specimens 
included about the same superficial area of skin and were ground for approximately 

e length of time and with the same vigor, this resistant membrane was 
regarded as a fairly constant error. 
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these 3 had many more organisms per gram of tissue at the site of 
inoculation 48 hours after inoculation than did any one of the 4 
controls. Rabbits 21 to 24 were injected subcutaneously with suspen- 
sion 6-26 and of these, 2 received a subsequent intravenous injection 
of bacterial filtrate. Both of these had many more organisms per gram 
of tissue at the site of inoculation than did the one satisfactory control. 

As has been already described in the pathological study (Table I), 
the inflammation became considerably more severe at the site of in- 
oculation in the rabbits that received an intravenous injection of homol- 
ogous bacterial filtrate 24 hours later. In the rabbits used in this 
section of Experiment 1 (Table II), none of the control rabbits, with 
the exception of rabbit 14, showed more than edema at the site of 
inoculation. 4 of the 5 rabbits that survived the subsequent injection 
of homologous bacterial filtrate showed a marked increase in severity 
at the site of inoculation and the bacterial counts indicated that this 
increase in severity of the local inflammation was, as a rule, associated 
with a relative increase in the number of living organisms at the site 
of inoculation as compared with similar determinations in rabbits of 
the control group. 

Experiment 2. The Effect of Intravenously Introduced Organisms on 
Tissue Rendered Locally Vulnerable by a Preliminary 
Injection of Homologous Bacterial Filtrate 

A locus of augmented vulnerability was produced by the subcu- 
taneous injection of a bacterial filtrate and 24 hours later living or- 
ganisms were substituted for bacterial filtrate as an intravenous injec- 
tion to elicit the Shwartzman phenomenon. Alterations in the local 
reaction attributable to the intravenous injection of living bacteria 
were studied morphologically and bacteriologically. 

As indicated in Table III, 16 rabbits were injected subcutaneously in the 
right upper quadrant of the abdomen with 0.2 cc. of the same preparation of filtrate 
prepared from B. aertrycke. Rabbits 25 to 32 served as controls. Rabbits 25 
to 28 received no further treatment after the subcutaneous injection of filtrate. 
Rabbits 29 to 32 received an intravenous injection of 2 cc. of B. aertrycke filtrate 
24 hours after the subcutaneous injection. Rabbits 33 to 40 constituted the 
experimental group and received an intravenous injection of 2 cc. of a suspension 
of living B. aertrycke 24 hours after the subcutaneous injection of filtrate. All 
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surviving animals in both groups were killed by air embolism 48 hours after the 
subcutaneous injection of filtrate. 

Pathological Study . — Rabbits 25 to 28 showed no detectable changes 
on external examination at the end of 24 and 48 hours. 48 hours 
after injection, incision of the skin and subcutaneous tissue at the 
site of injection showed a mild degree of local edema. On micro- 
scopic examination there was sparse infiltration, principally by mono 


TABLE III 


Rsbbit 

No. 

Subcu- 
taneous 
injection of 
B. oertryckt 
filtrate 

External 
lamination 
of local 
reaction 

24 bn. 
after sub- 
cutaneous 
injection 

Intravenous injection 24 hts. after 
subcutaneous injection 

25 

+ 

None 

Not given 

26 

+ 

« 

“ “ 

27 

+ 

“ 

ii « 

28 

+ 

“ 

u <i 

29 

+ 


2 cc. D. aertrycke filtrate 

30 

+ 

“ 

<i t< i« i« “ 

31 

+ 


«< ii <i ii “ 

32 

+ 

“ 

it ii ii <i “ 

33 

+ 

.. 

2 cc. living II. aertrycke 

34 

+ 

41 


35 

+ 

ii 

H « 11 H “ 

36 

+ 

“ 

II II II « “ 

37 

+ 

“ 

« ii ii i« h 

38 


<i 

II II II II “ 

39 

+ 

« 

<1 II II II “ 

40 

+ 

“ 

II II II «« “ 


External examination of local 
reaction 48 hrs.after 
subcutaneous injection 


None 


(Dead in cage) 
Hemorrhage and edema 

<i *« “ 


(Dead in cage) 
Hemorrhage and edema 


nuclear cells, slight swelling of collagen and no more hemorrhage than 
could be attributed to the needle-puncture. _ . 

Rabbit 29 died about 2 hours after the intravenous injection ol bac- 
terial filtrate, remained in the cage overnight, and although ere 
were no macroscopic changes at the site of subcutaneous injec ion, 
tissue was not suitable for microscopic examination. 

Rabbits 30, 31, and 32 all developed large hemorrhagic edema ous 
lesions of the skin and subcutaneous tissue between 4 and ours a 






612 


ALTERED LOCAL TISSUE REACTIVITY 


the intravenous injection. 48 hours after subcutaneous injection, 
there were present the characteristic microscopic changes of a positive 
Shwartzman reaction, which have already been described in detail by 
Karsner and Moritz, and Gerber. Hemorrhage, venous and. arterial 
thrombosis, necrosis, and diffuse and dense infiltration by polymorpho- 
nuclear leucocytes and large and small mononuclear cells were the 
outstanding microscopic characteristics. 

Rabbits 33 to 40 received 2 cc. of living B. aertrycke intravenously 
24 hours after the subcutaneous injection of bacterial filtrate. Rab- 
bits 33 and 34 died very soon thereafter, were found in their cages 8 
hours later, showed no significant macroscopic changes, and were not 


TABLE IV 


Colonics in thousands per gram of tissue at site of: 


Rabbit 

Shwartzman reaction 

Croton oil reaction j 

Arthus reaction 

Normal skin 

No. 

Aliquot 

Aliquot 1 

Aliquot 

Aliquot 


A 

B 

C 

A 

B 

C 

A 

B 

c 

A 

B 

C 

35 

2.3 

2.6 

1.6 


19.2 





0.5 

0.2 

0.3 

36 

6.3 

4.0 

8.1 

TM 

TM 





0 

0 

0 

37 

20.3 

19.2 

11.3 

30.0 

28.5 





0 

0 

2.9 

38 

31.3 

38.7 

34.4 

68.0 

72.9 

79.7 




4.3 

5.4 

4.5 

39 

22.5 

15.7 

43.6 




4.1 

5.3 

3.9 

1.2 

3.3 

1.8 

40 

11.0 

18.8 

14.3 




7.4 

8.3 

6.5 

2.4 

1.6 

5.7 




TM = Too many to count. 


suitable for microscopic examination. Rabbits 35 to 40 were killed by 
air embolism 48 hours after the subcutaneous injection of filtrate and 
24 hours after the intravenous injection of living organisms. Except 
for the presence of bacteria in the exudate, the reactions were similar 
both in gross and microscopic features to those seen in rabbits 30, 31, 
and 32. The living organisms served as a potent reacting factor in 
place of bacterial filtrate but did not produce a qualitatively or quan- 
titatively different type of local reaction than was elicited by bacterial 
filtrate, except that bacteria did localize in the area of inflammation. 

Bacteriological Study . — The number of living B. aertrycke that localized at 
the site of increased vulnerability were determined in the same manner as 
described in Experiment 1. In this experiment, however, it was necessary to 
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make much lower plating dilutions than were made in Experiment 1 because 
fewer organisms were present in the tissue. Each plate contained 1 cc. of dilutions 
of macerated tissue varying from 1 : 100 to 1 : 10,000 of the original tissue mass. 

As indicated in Table IV, a sample of skin and subcutaneous tissue 
from a normal site (left lower abdominal quadrant) was taken for a 
control in each case. In each instance where such determinations 
were made (rabbits 35 to 40) there were many more bacteria at the 
site previously rendered vulnerable by an injection of a homologous 
bacterial filtrate than there were in normal skin and subcutaneous 
tissue from the same animal. 

This finding could not be construed as evidence of the specific locali- 
zation of bacteria because of a state of selective vulnerability induced 
by the injection of a homologous filtrate. To determine whether t e 
presence of the bacteria represented a selective state of vu nera i lty 
or not, other types of inflammation were developed concurrently wit i 
the Shwartzman reaction in the same animals, and the number o 
bacteria present in the non-related sites of inflammation was de- 
termined. 


In rabbits 35 to 38, 0.2 cc. of croton oil was injected subcutaneously ^tbenght 
lower quadrant of the abdomen at the same time that the bacteria ra 
injected in the right upper quadrant. 48 hours later, all of t esc anima s a 
developed areas of acute hemorrhagic inflammation at the sites o cro o 
injection, as well as at the site of the positive Shwartzman reac ion. e 
minations of the number of bacteria in the tissue in the regions o c emica i 
mation revealed an even greater localization of bacteria there t an a 
of the positive Shwartzman reactions. , #Tn ■ 

Rabbits 39 and 40 had been sensitized to horse serum 4 weeks before the experi- 
ment. The rabbits had received 4 subcutaneous injections at intervals o y , 
consisting of 0.5, 0.5, 0.75, and 1.0 cc. of horse serum. At the same 
bacterial filtrate was injected subcutaneously in the right upper < l ua 
of horse serum was injected subcutaneously in the right lower qua r * 
rabbits developed a large area of non-hemorrhagic subcutaneous e em 
reaction) which, however, was not as severe an inflammatory . 

present at the site of the concomitant Shwartzman reaction. , fp 

of the number of bacteria present at the site of the Arthus reactions rev 
organisms than were present in tissue from the positive war z > 

hut more organisms than were present in normal control s 'in r 
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Living organisms served as a potent reacting factor when a homolo- 
gous bacterial filtrate had been used to create a local site of increased 
vulnerability. The organisms tended to localize at the site of the 
positive Shwartzman reaction. This localization, however, was not 
specific inasmuch as bacteria localized in the same animals and in 
greater numbers in a locus of entirely unrelated inflammation (croton 
oil). Bacteria localized in greater numbers in the tissue at the site 
of the Shwartzman reaction than in tissue taken from a concomitant 
Arthus reaction but in these 2 animals the Arthus reaction was a less 
extensive and less destructive inflammation than was the concomitant 
Shwartzman reaction. 


DISCUSSION 

The demonstration that, in the case of B. aeriryckc, the subcutaneous 
inflammation coincident with local infection in rabbits can be greatly 
modified and augmented by the intravenous injection of a filtrate of 
that organism 24 hours later, raises a number of questions which are 
not elucidated in this investigation. There was gross and microscopic 
evidence that inflammation became more severe at the site of inocula- 
tion as a result of the subsequent intravenous injection of homologous 
bacterial filtrate and that organization and repair were delayed. Such 
was to be expected since the positive Shwartzman reaction was added 
to the inflammation caused by the infection. Determinations of the 
number of living bacteria at the site of inoculation indicated that this 
augmentation of the severity of the inflammation furthered rather than 
inhibited their growth. On first consideration this appears to be in 
disagreement with the findings of Rivers and Tillett, Mallory and 
Marble, Opie, and Menkin, who have demonstrated that a preceding 
local inflammatory reaction tends to retard the dissemination of organ- 
isms from that site. Rich, however, has called attention to the fact 
that there is a great difference between implanting bacteria into a 
previously prepared exudate and implanting them in normal tissue. 
In these experiments the inflammation incident to the Shwartzman 
reaction followed rather than preceded the infection and the results 
are in accord with Rich’s findings after the injection of fowl cholera 
bacilli together with pneumococcus lysate into the skin of hyper- 
sensitive (to pneumococcus lysate) animals. He found that there was 
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with bacterial filtrate would lead to selective localization and growth 
of organisms subsequently introduced into the blood stream. In the 
experiment here reported, it was found that bacteria localized at the 
site of preparation with bacterial filtrate, but it was not learned 
whether they continue to grow at that site, or if the development of 
the inflammatory lesion is in any way altered because of the presence 
of the bacteria. These and other questions merit investigation. 

CONCLUSIONS 

Living B. aertrycke were effective in place of aertrycke filtrate as 
either the preparatory or the provocative injection in the production 
of a positive Shwartzman reaction. 

When living B. aertrycke were injected subcutaneously a more 
severe inflammation resulted, organization was delayed, and more 
living organisms survived at the site of inoculation in rabbits that had 
received 24 hours later an intravenous injection of B. aertrycke filtrate 
than was the case in similarly infected rabbits that had not received a 
subsequent injection of bacterial filtrate. 

When a local state of hypersusceptibility was created by the sub- 
cutaneous injection of B. aertrycke filtrate, the subsequent (24 hours) 
injection of living B. aertrycke led to the development at the site of 
subcutaneous preparation of a hemorrhagic necrosing inflammation 
in which the bacteria localized. 
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differed in their sensitivity to the lethal effect of patients’ sera. One 
strain (Sc) was uniformly highly susceptible; a second strain (Ba) was 
affected only by the most potent samples of sera; the third strain (Co) 
was intermediate between the other two. A subsequent report will 
describe other characteristics of a large number of strains in relation 
to susceptibility to sera. At the present time it may be stated that, 
although there were exceptions, strains freshly isolated from patients 
having very severe types of infection have usually proven to be most 
vulnerable. 

In addition to factors with respect to the activity of serum in relation 
to the course of the disease, and the selection of test strains, and the 
quantitative proportions of serum and number of bacterial cells used 
in the experiments, 1 the phenomenon was further characterized by the 
fact that the availability or exclusion of air in performing the tests had 
a marked influence on the viability of the organisms. 2 It was demon- 
strated that when the serum-streptococcus mixtures were incubated 
anaerobically the killing action of patients’ sera was markedly impaired 
or inactivated. This finding appeared to be of possible significance in 
relation to the underlying mechanism of the phenomenon, and sug- 
gested that factors pertaining either to the aerobic-anaerobic physi- 
ology of the cells or to the oxidation-reduction state of the active 
principle in serum were important in determining the results. In 
pursuing studies related to the nature of the streptococcidal phe- 
nomenon, additional data have been obtained which are contained 
in this report. 

The findings to be presented deal with: (1) significance uf hydrogen 
ion concentration in relation to the streptococcidal action of serum; 
(2) effect of reducing agents on the phenomenon. 

Materials and Methods 

The same experimental technique which was described in detail in the previous 
articles 1 ’ 2 has been regularly employed. By recapitulation, 1.0 cc. of serum was 
inoculated with a platinum loopful of an 18 hour broth culture. The full rounded 
drop used for inoculum contained approximately 800,000 to 1,000,000 organisms. 
The serum-streptococcus mixtures were kept in the water bath at 37.5°C. De- 
terminations of viability or destruction of streptococci were made by subcultures 
taken at such intervals during incubation as -were indicated by the particular 
experiment; usually 6 hours and 24 hours were found to be most convenient and 
adequate. 
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Subcultures taken immediately after the addition of organisms to serum have 
regularly contained so large a number of colonies that actual count was impractical. 
Consequently when the number of colonies in subcultures was sufficiently reduced 
to permit actual estimations, the reduction in viable organisms was obviously 
considerable. It should be emphasized that the technical methods, which were 
used to measure the presence or absence of bactericidal activity in the specimens 
of sera, have certain limitations. For example, in any test in which the number of 
colonies in subcultures was maximum («), no quantitative differentiation was 
made, even though more detailed observations with appropriate dilutions would in . 
all probability have revealed wide variations, referable to the extent of multiplica- 
tion of the organisms above the number originally inoculated into serum. The 
results, obtained with normal sera and with other specimens inactivated by 
different methods although referred to as indicating the absence of killing power, 
are incomplete in accurate detail. In spite of the deficiencies just mentioned, the 
simple methods employed have served adequately in the studies of the serological 
property with which this series of articles deals. 

Samples of sera were obtained from patients acutely ill with different kinds of 
infections. Since sera exhibiting a high degree of streptococcidal activity were 
usually required, preliminary tests of the samples were made, when possible, in 
order to insure satisfactory material. Consequently the patients from whom 
blood was obtained were selected on the basis of the severity of the infection. 
Specimens from cases of pneumonia have proven to be most regularly suitable and, 
for this reason, have been most frequently employed. When relatively large 
quantities of serum were required, the specimens from several different patients 
have been pooled. 

One strain of hemolytic streptococcus of the beta type, designated Sc, has been 
used throughout the investigation. This strain is unusually highly sensitive to 
the streptococcidal action of serum and has given constant and uniform results. 

Hydrogen ion determinations were made with Beckman’s glass electrode pH 
meter which was calibrated daily by the use of accurately measured buffers. 
Other materials and methods will be described under the separate experiments. 

Effect of Hydrogen Ion Concentration on Streptococcidal Action of 
Patients' Sera • 

As will be shown in the experiments which immediately follow, 
the hydrogen ion concentration of the specimens of sera may have, 
under certain conditions, a significant influence on the streptococcidal 
phenomenon and, conversely, the effect of the serum on the organisms 
*uay be followed by characteristic changes in the pH of the test mate- 
na ^ # Phi of serum is to a great extent conditioned by the CO2 
tension within it. In view of the fact that specimens, by giving off 
ij continually progress toward equilibrium with the external air, 
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the pH increases in alkalinity until the liberation of CO 2 from the 
serum ceases. The rate of exchange of CO 2 is also influenced by the 
temperature, increasing within certain limits with increasing tempera- 
tures. Since the streptococcidal tests were done at 37.5°C. the 
thermal factor promoted the rate of change in pH which, as will be 
shown, required consideration. Data concerning this point will be 
given in the experiments which follow. 

' TABLE 1 


Influence of pH on Streptococcidal Aclion of Patients’ Sera 
(Tests performed under aerobic conditions) 



addition of appropriate amounts of dilute HCI. 

t Results of subcultures made after 24 hours incubation. — indicates no 
growth. Numerals indicate number of colonies by actual count, co indicates 
innumerable colonies. 

Number of colonies in subculture made at beginning of experiments was 1000s 
to CO. 

Numerous determinations of pH have been made on both normal 
and patients’ sera, which have remained in the ice box, before being 
used in bactericidal tests, for periods of time from less than 1 day to 
several days. The results varied from pH 8.0 in the fresh samples to 
8.8 in the older ones. These figures represent, therefore, the range of 
hydrogen ion concentration which was characteristic of sera at the 
beginning of the usual tests made under aerobic conditions. 

In the first experiments concerning the effect of hydrogen ion con- 
centration, the pH of samples of serum from patients was arbitrarily 
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adjusted to levels lover than those just mentioned. The results are 
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Normal serum, uninoculated . . 
Normal serum + streptococci . 
Patient’s serum, uninoculated . 


Duration of incubation 


8.15 

8.15 

8.2l1 


* MKUI s atiurn, *.* jo ,1 

Patient’s serum + streptococci • • ‘r 


8.70 1 

8.42 

8.78] 

8.80 


Ji 


« 


18.90 
8.18 
8.92 
800 8.88 s 


9.03 
8.461 

9.04 
5009.04' 


24 krs. 


9.42 

9.15 

9.42 

9.39] 


* Number of colonies in subcultures. 

From this experiment, which is representativejf oth ^^.^y 
tests, it can be seen that, during men > ^ ^ both normal md 
increasing alkalinity m the umnocula P changes 

patient’s serum. The findings repre 
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which occur in sterile serum during incubation at 37.5°C. It may be 
further noted that even in the test with patient’s serum plus organisms 
the rise in pH was similar to that of the sterile specimens. However, 
the changes which occurred in normal serum containing streptococci 
did not parallel the findings obtained with the uninoculated sample, 
but continued at a lower level than the control tests for the first 6 hours 
of the experiment and, after 24 hours, had not risen to the degree 
found in the other tubes. The differences between the course of the 
changes in pH which occurred with the two samples of sera to which 
streptococci were added were secondary to the destruction, on the one 
hand, of the organisms by the patient’s serum, and to their viability, 
on the other hand, in normal serum. 

The limitations of the experimental methods which have been employed do not 
permit an exact correlation between the multiplication of organisms in normal 
serum and the changes in pH. However, it should be noted that the subculture 
taken after 24 hours incubation contained innumerable organisms even though 
the pH had risen to 9.15. In repeated tests with normal sera the final pH at the 
end of the experiment has been found to range from 8.8 to 9.2. With patients’ 
sera which, on the other hand, caused extensive destruction of streptococci, the 
alkalinity after 24 hours rose to 9.2-9.S, the level regularly reached by uninoculated 
sera. 

In view of the inconstancy of pH in the experiment just described, 
and since the final hydrogen ion concentration attained by patients’ 
sera has been found to be relatively high even though organisms were 
added, additional tests have been carried out to determine the lethal 
effect exhibited by normal sera which had been adjusted to varying 
degrees of alkalinity. 



Initial pH 

Subcultures 

Final pH 


6 hr. 

24 hr. 


Normal serum 

8.70 

oo 

00 

9.04 

u it 

8.90 

CO 

00 

9.10 

it tt 

9.18* 

oo 

62 

9.12 

tt tt 

9.29f 

9.67f 

10.04t 

oo 

90 

9.39 

tt a 

1000s 

20 

9.64 

tt tt 

1000s 

48 

9.72 



. 



* Specimen incubated 24 hours before inoculation, 
t pH adjusted with NaOH. 
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tions of the sera could be stabilized by equilibration with air containing 
a measured amount of C0 2 . 

The jars which were employed had a single outlet from the top. Through a 
rubber tube attachment, the air in the jar was partially evacuated. By pre- 
liminary determinations, the amounts of C0 2 necessary to obtain various levels of 
pH were measured by a mercury manometer connected to the outlet of the jar. 
For example, to maintain the pH of the serum at approximately 8.0-8.3 it was 
necessary to introduce into the evacuated jar sufficient CO 2 to register on the 
manometer an increase of pressure equal to 2.0 to 2.5 cm. of mercury. After the 
CO 2 was introduced, the pressure within the jar was finally raised to atmospheric 
level by permitting air to enter. The rubber tubing was then clamped. The 
jars containing the sterile sera, distributed in 1 cc. amounts in separate tubes, 
were kept overnight to allow equilibrium to be established. They were opened 
the next morning, the inocula of streptococci were introduced, and the jars were 
again prepared as described. The pH in one tube of sterile serum was measured 
in order to determine the hydrogen ion level at the beginning of the experiment. 
It is interesting to note that when specimens of sera from different patients were 
placed in the same jar, the pH’s of the separate samples were not always the same 
following the preliminary 18 hour period allowed for adjustment. However, by 
placing increments of the same serum in several different jars adjusted with 
different quantities of C0 2 , the activity of the serum could be estimated at differ- 
ent levels of pH. 

When readings and subcultures were made at 4 or 6 hours i t was again necessary 
to reopen the jars, make the tests, and prepare the jars for the su bsequent incuba- 
tion. These procedures were carried out with sufficient speed to minimize the 
duration of exposure to room atmosphere. 

Although the method just described possessed definite limitations, the data 
gained from a number of experiments have been sufficiently satisfactory to be 
informative with respect to the significance of hydrogen ion concentration. How- 
ever, it should be emphasized that the several manipulations which were necessary 
may, in some instances, have caused additional changes, the significance of which 
has not yet been established. Further studies, with the hope of perfecting the 
methods, are now in progress. 

The results obtained with tests performed in closed jars are presented 
in Table II. 

The observations indicate the ranges of alkalinity in which the 
streptococcidal action of sera was demonstrable. Because the amount 
of the individual samples of sera was necessarily small, it has not been 
possible to make a sufficient number of tests with one specimen at 
different levels of pH to define sharply the border line of hydrogen 
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ion concentration above which bactericidal action was demonstrable 
and below which no killing occurred. However, the results clearly 

TABLE II 

Strepbcoccidal Tests Performed in Closed Jars at Relatively Constant Levels of 
Hydrogen Ion Concentration 


(Results compared with those obtained under aerobic conditions) 


Patient 1 ! 

*erum 

Condition 
of lest 

Initial 

pH 

4 hr*. 

6hrj. 

24 hr*. 

pH range 
during 
incubation 

Bacterial 

No. 


□ 

Subc. 

m 

S3 

□ 

serum* 

1 

Aerobic 

8.32 

■ 

■ 

8 

m 

— 

9.28 

8.32-9.28 

++++ 


Jar 

7.95 

240 

8.20 

130 

8.22 

- 

8.19 

7.95-8.22 

++++ 

2 

Aerobic 

8.45 



2 

aE 


9.46 

8.45-9.46 

++++ 


Jar 

8.60 



26 

8.62 

— 

8.58 

8.58-8.62 

++++ 


a 

8.40 



46 

8.27 

- 

8.32 

8.27-8.40 



“ 

7.95 



1000s 

7.64 

800 

7.79 

7.64-7.95 

+ 

3 

Aerobic 

8. 55 



2 


_ 

9.41 

8.5S-9.41 

++++ 


Jar 

8.10 



24 

8.35 

18 

8.24 

8.10-8.35 

+4*+ 

4 

Aerobic 




64 


_ 

9.46 


++++ 


Jar 

8.57 



150 

8.44 

80 

8.48 

8.44-8.57 

+++ 


" 

8.24 



oo 

8.18 


8.09 

8.09-8.24 

- 

5 

Aerobic 

8.62 

240 


60 



9.35 

8.62-9.35 

++++ 


Jar 

8.32 

500 

8.31 

250 

8.24 

120 

8.43 

8.24-8.43 

++ 

6 

Aerobic 




B 


16 

9.32 


++ 


Jar 

8.30 

« 

8.23 

“ 

8.17 

” 

8.20 

S. 17-8. 30 

- 

7 

Aerobic 

8.47 



800 


15 

9.26 

8.47-9.26 

+*b 


Jar 

8.48 

ec 

8.21 

00 

8.33 

oo 

8.20 

8.20-8.48 

- 

8 

Aerobic 




260 


3 

9.27 



* 

Jar 

8.57 



GO 

8.44 


8.48 

8.44-8.57 



for interpretation of figures see footnotes to Table X. 

+ indicates most active killing power. + + -J-, ++, +, — are 
proportional ratings below maximal activity. 


emonstrate that the level of pH at which the tests in vitro, were 
performed, had a significant influence on the strep to coccidal property 
o sera. With the experimental technique which was employed to 
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keep a uniform pH during incubation, the bactericidal effectiveness 
of sera has been optimum at levels of hydrogen ion concentration 
above neutrality. 

The findings recorded in Table II were obtained with specimens 
of serum which exhibited varying degrees of streptococcidal activity 
in the usual tests carried out under aerobic conditions. The differences 
in potency were also evident from the results obtained under relatively 
constant conditions within jars, as indicated by the different levels 
of hydrogen ion concentration required to inactivate the killing power 
of different specimens of serum. Serum 1, for example, remained 
potent in the range from 7.95 to 8.22. Serum 8, on the other hand, 
was not actively bactericidal in the higher range of 8.44 to 8.57. 

It is interesting to note that in the aerobic tests concerning the 
effect of pH (Table I), a decrease in the initial pH below neutrality 
was required to inactivate most of the samples of sera. In the experi- 
ments cited in Table II, abolition of killing power was effected by 
retaining the pH at a higher level throughout 24 hours. The apparent 
discrepancy appears to reside in the fact that in the aerobic tests the 
initial killing power of the serum was retained sufficiently well to 
exclude the lowering effect on pH of active bacterial metabolism. 
Consequently, the hydrogen ion concentration progressively increased 
and, as a result of the loss of COs, reached the optimal degree for the 
effectiveness of the streptococcidal principle, and may have even con- 
tinued into the range of alkaline toxicity which was characterized in 
the tests made with normal serum at pH 9.1 +. 

Effect of Conditions of Reduction ( Anaerobiosis and Reducing Agents ) 
on the Streptococcidal Activity of Sera 

In a previous report 2 it was demonstrated that the streptococcidal 
action of patients’ sera was inactivated when the tests were carried out 
under the anaerobic conditions afforded by a vaseline seal or an anae- 
robic jar. In pursuing the investigation of the possible influence of 
states of oxidation-reduction on the phenomenon, the effect of reducing 
agents on the killing power of sera has been tested. As will be shown 
later in this article, definite results were obtained. However, in con- 
sidering the mechanism responsible for the effect, several factors need 
to be taken into account. For example, since hydrogen ion concentra- 
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tion has been found to be significant, it has been necessary to make 
observations on the levels of pH in all the tests. For purposes of com- 
parison, therefore, before presenting a description of the results 
obtained with chemical reductants, it is interesting to note the course 
of the changes in pH which occurred under the reduced state afforded 
by anaerobic conditions. 

Significance of pH in Anaerobic Tests . — In view of the fact that the 
methods employed to obtain anacrobiosis also retarded the escape of 
COi from serum, and for this reason prevented the usual increase in 
pH which occurred under aerobic conditions, anaerobic tests have been 
repeated with special consideration being given to hydrogen ion con- 
centrations. The data derived from numerous preliminary observa- 
tions indicated that, when sera were inactivated by layering with a 
column of vaseline, the number of viable organisms present in sub- 
cultures made after 24 hours incubation was always considerably 
greater than the number present in subcultures from the aerobic tubes, 
but that the pH of the material in the anaerobic tubes at the end of the 
test period varied from the initial point to lower levels in the acid 
direction. Since the reduction in pH might possibly contribute to the 
inactivation, more detailed observations have been made with other 
samples of serum in an attempt to evaluate, if possible, the separate 
significance of the anaerobic effect and changes due to pH. 

From the data given in the following protocol, the changes in pH 
which occurred under aerobic and anaerobic conditions, may be 
compared. 



4 in.- 

6 hrs.* 

24 hrs* 

pH 


PH 

Subc. 

pH 

Subc. 

Patient’s serum, | uninoculated, aerobic 

9.16 


9.25 


9.55 


Patient’s serum -f streptococci, aerobic 

9.15 

310 

9.23 


9.52 

1 

atient’s serum, uninoculated, anaerobic 

8.57 


8.56 


8.55 


Patient’s serum + streptococci, anaerobic 

8.62 

800 

8.57 

mg 

8.22 

00 


* Duration of incubation, 
t pH of serum at beginning of experiment: 8.50. 


The results demonstrate the fact that the pH in the tubes kept under 
anaerobic conditions did not rise as in the aerobic tests. Interest 
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centered, therefore, around the question of whether the levels of pH 
in the sealed tubes were sufficiently low to account for the results on the 
basis of hydrogen ion concentration, per se. A discussion of this 
aspect of the problem will be given later on in this article. 

Effect of Reducing Agents on the Streplococcidal Activity of Serum 

In continuing a study of the possible influence of oxidation and 
reduction on the bactericidal activity of sera, oxidizing and reducing 
agents have been added to test materials. With respect to oxidizing 


TABLE HI 

The Inactivating Effect of Glutathione and Sodium Ascorbate on the Slrcptococcidnl 

Activity of Sera 


Patients' sera No. 

Without glutathione 

With glutathione 

o 
£ 
c 1 

OT 

J2 

e 

*•3 

rt 

Without Na ascor- 
bate 

With Na ascor- 
bate 

pH of 
sera 

Subcul- 

tures 

Final 

pH 

Subcultures 

Final 

PH 

pH of 
sera 

Subcul- 

tures 

Subcultures 

6 hr. 

24 

hr. 

6 hr. 

24 hr. 

6 hr. 

24 

hr. 

6 hr. 

24 hr. 

i 



B 

9.60 

00 

1000s 

9.05 

11 

8.60 

m 


00 

OO 



220 

IS 

9.39 

00 

600 

8.90 

12 

8.72 

160 

50 

oo 

CO 


8.40 

13 

E 


CO 

500 


13 

8.56 

150 

25 

CO 

CO 


8.09 


E 

9.50 

00 

400 

8.83 

14 


125 

2 

1000s 

00 



2 



CO 

320 


15 


48 


1000s 

1000s 



m 

5 


00 

110 


8 


1 


800 

00 


8.92 

H 

6 

9.48 

n 

250 

8.88 

5 




250 

1000s 

8 


1 

_ 


B 

2 


16 

8.50 

IB 

B 

220 

1000s 

9 


1 



El 

15 


17 

8.85 

j||*t 

B 

76 

1000s 

10 

8.58 

140 

2 

9.48 

180 

56 

9.17 

9 



1 

— 

15 


For interpretation of figures, see footnotes to Table I. 


substances, the results have been irregular and difficult to evaluate, 
due, to a great extent, to the toxic effects on the bacteria of the mate- 
rials themselves. Consequently, the findings, so far obtained, are too 
incomplete to justify presentation. Studies on this phase of the 
problem, which are now in progress, will be subsequently reported. 

In experiments in which reducing agents were added to sera, the 
most consistent and definite results have been obtained with glu- 
tathione and sodium ascorbate. The results are given in Table III. 
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0.5 m solutions of each of the materials were made in sterile distilled water and 
always used immediately after preparation. 0.1 cc. of each was added to 0.9 cc. of 
serum and well mixed, making a final concentration of 0.05 M. Organisms were 
introduced within a few minutes after the reducing agents were added. The pH 
of the solutions was always adjusted to approximately 8.2 to 8.6. 

From the data presented in Table HI, it can be seen that, in the 
majority of instances, the bactericidal property of the specimens of 
sera was cither completely inactivated or markedly impaired by a 
0.05 M concentration of glutathione or sodium ascorbate. Although 
the difference between the number of viable organisms present in sub- 
cultures from the sera alone and from serum-reductant mixtures is 
striking, the results do not indicate whether inactivation was depend- 
ent upon the reducing property of the reagents or upon some other 
possible chemical reaction involving the active serological principle. 
The complexity of the serum-streptococcus mixtures and other difficul- 
ties have rendered exact physical chemical measurements unsatis- 
factory. Consequently, conclusive evidence supporting one or the 
other possibility cannot, at present, be given. 

An analysis of the results indicates that the effect on serum of each 
of the reducing agents is, in general comparable. However, the results 
obtained with glutathione and with sodium ascorbate have, in some of 
the tests, suggested individual differences. For example, in the 
experiments in which glutathione was used, inactivation appeared to 
be complete during the first 6 hours of incubation, but was not sus- 
tained for 24 hours as evidenced by the decrease in number of colonies 
obtained in subcultures made at the termination of the experiment. 
Since glutathione in normal serum exerted no demonstrable toxic 
effect on the organisms, the findings with patients’ sera plus glutathione 
suggest that the reducing material may be decomposed by the living 
organisms, or by auto-oxidation, and that the late killing effect 
depends upon the reactivation of the streptococcidal property follow- 
>ng the alteration of the inactivating agent. 

In the tests in which the nullifying effect of sodium ascorbate was 
only partial, the incompleteness of inactivation was demonstrated 

>' the fact that although ultimate growth of organisms occurred after 
24 hours, the final result was preceded by a temporary drop in viable 
bacterial population. 
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In considering the mechanism by which both glutathione and sodium 
ascorbate alter serum, the ability of both substances to form complex 
compounds requires consideration. For example, the double bond 
present in the structure of ascorbic acid offers a possibility of chemical 
combination in the serum-streptococcus mixtures which may influence 
the phenomenon. In view of the possibilities from the standpoint of 
diverse chemical reactions, therefore, a final interpretation of the 
process by which the reagents inactivate the streptococcidal principle 
will require more detailed analysis. The findings presented in this 
article demonstrate, however, that marked alterations in the sero- 
logical property responsible for the bacterial destruction result from 
the addition of chemical reductants to the test material. 

In spite of the several aspects of the problem just referred to, when 
the results obtained by adding reducing agents to sera are taken in 
conjunction with the inactivating effect of anaerobiosis previously 
described, 2 the findings in both instances strongly suggest that the 
streptococcidal action of patients’ sera may be influenced by conditions 
of oxidation-reduction. In this connection it is also interesting to note 
that in the tests in which the effect of the reducing agents was least 
marked, the sera which were used were especially potent in killing 
action. In the previous experiments carried out anaerobically, 2 it 
was also found that specimens of sera of greatest potency were less 
completely inactivated by excluding air than were samples of moderate 
activity. A general parallelism between the results obtained with 
reducing agents and those derived from tests performed anaerobically 
has characterized all of the observations up to the present time. 

In the experiments in which reducing substances were added to sera, 
the factor of hydrogen ion concentration was taken into consideration. 
By properly adjusting the pH of the reducing materials before addition 
to serum, the hydrogen ion concentration of the tests was always 
comparable at the beginning of the experiments. The subsequent 
changes in pH of the sera, with and without the added reductants, 
seemed to be dependent upon the secondary effect referable to the 
viability of the streptococci. A detailed correlation of pH and number 
of living organisms is illustrated by the following findings. 
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2 hr?. 

4 hr*. 

6 hr*. 1 

24 hr*. 

pH 

Subc. 

pH 

Subc. 

PH 

Subc. 

PH 

Subc. 

Patient’s serum, uninoculated 

8.78 


8.92 


9.04 


9.42 


Patient's serum, uninocukted, + 







1 


glutathione 

8.36 


8.46 


8.53 


urn 


Patient’s serum 4 streptococci 

8.80 

800 

8.88 

500 

QiTi 

220 

9.39 

16 

Patient’s serum 4 glutathione 4* 







i 


streptococci 

8.38 

00 

8.37 

CO 

8.40 

cO 


600 


pH at beginning of experiment: 8.2. 


From the observations made with sterile specimens of serum plus 
glutathione it may be seen that the glutathione itself had a slight 
buffering effect on serum during incubation, since the pH in the unin- 
oculated sample, containing the reductant, increased more slowly 
than did the control and did not eventually reach the degree of alka- 
linity attained by the sterile serum. It should be further noted that, 
in the glutathione-serum preparation to which streptococci were added, 
inactivation of the bactericidal factor was evident by the innumerable 
colonies obtained at each subculture for 6 hours. The pH during 
these periods did not, however, increase as in the control serum- 
streptococcus mixtures. The findings at 24 hours indicated that some 
killing had taken place, possibly occurring as previously mentioned, 
after decomposition of the glutathione, and that the pH had accord- 
ingly risen. 

A limited number of aerobic experiments similar to that just 
escribed have been carried out using sodium ascorbate instead of 
g u athione. In the few instances in which hydrogen ion measurements 
ave een correlated with survival of streptococci, the reductant has 
been found to exert a slight buffering effect, and the rise or fall in pH 
seemed to be conditioned by the number of viable organisms; sub- 
rn.mt? 5 ° f ^ f ru “' ascorbate mixtures contained several hundred to 

the „ tSS - C ° ° meS ' wllereas in nontroi tests, progressive destruction of 
we organisms occurred. 

bioriT^T r'r s . 0{ thc findings ^ respect t0 the effect of anaero- 

proced ° f agents, the problem arises as to whether the 

thestrento:^,^ USed t0 obtain reduced conditions abolished 
P ococcidal action of sera through inducing and maintaining a 
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level of hydrogen ion concentration below the range of bactericidal 
activity, or whether factors pertaining to biological reduction were 
involved in the inactivation. In numerous attempts to gain informa- 
tion concerning the possibilities just mentioned, complexities have 
been encountered which have made an interpretation of the results 
difficult. In some of the tests, however, the inactivating effect of 
reducing agents and of anaerobiosis was observed at the same level 
of pH at which the organisms were destroyed by unaltered samples of 
the same serum. This was most often noted after periods of only a 
few hours incubation rather than after the complete 24 hours of 
the usual test. The following results illustrate the course of the 
experiments. 




Duration of incubation 



Initial 

6 hrs. 

24 hrs. 


pH 

Subc.* 

pH 

Subc. 

pH 

Patient’s serum, jar 

8.61 

120 

8.72 


8.60 

Patient’s serum + glutathione, jar 

8.61 

1000s 

8.67 


8.49 

Patient’s serum, anaerobic 

8.65 

co 

8.71 


7.98 

Patient’s serum, jar 

8.54 

22 

8.75 


8.70 

Patient’s serum + glutathione, jar 

8.54 

500 

8.71 

CO 

8.50 

Patient’s serum, anaerobic 

8.62 

400 

8.85 

CO 

8.12 


* Number of colonies in subcultures. 


In the measurements made at 6 hours, it may be noted that the pH 
in each set of tubes is essentially the same, but that a greater number 
of viable organisms have been recovered from the serum-glutathione 
and the anaerobic tubes than from the untreated serum in the jar. 
After 24 hours, however, the discrepancies in pH are significant and 
may be an important contributing factor. The fact that conditions 
which promoted the lowering of pH were uncontrolled has constituted 
one technical difficulty which makes an explanation of these results 
uncertain. 

Although the observations just described are suggestive, it has been 
of interest to pursue further studies concerning this phase of the 
problem. As the investigation has progressed, the results obtained 
during 24 hours incubation have seemed to be conditioned by several 
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factors which appear to be interdependent and each of which may vary 
during the prolonged test period. Contributing factors which require 
consideration are composed of, differences in the streptococcidal 
potency of individual samples of serum, differences in the range of pH 
at which samples of sera are primarily bactericidal, and effects referable 
to bacterial metabolism. Consequently, a final analysis of the mecha- 
nism, by which the additional factor contributed by oxidation-reduc- 
tion affects the phenomenon, must await further study. Methods 
are, at the present time, being developed, by which both the individual 
factors and their quantitative relationships are more satisfactorily 
controlled. The findings will be subsequently reported in detail. 

DISCUSSION 

With respect to hydrogen ion concentration, the results have indi- 
cated the effect of pH on the streptococcidal activity of sera and have 
defined the progressive changes in pH which occurred in the tests in 
relation to the destruction of hemolytic streptococci by patients’ sera, 
and to the maintenance of viability or growth in normal sera. 

By arbitrarily lowering the hydrogen ion concentration of patients’ 
sera, a degree of acidity was reached which inactivated the strepto- 
coccidal property. Conversely, by increasing the pH of normal sera, 
a level of alkalinity was attained which was injurious to the organisms. 
The intermediate zone between the two extremes represented the 
levels of hydrogen ion concentration most favorable for determining 
bactericidal action. 

However, even in tests which were begun in ranges of hydrogen ion 
concentration that avoided the primary effects of pH, subsequent 
changes were found to occur under aerobic conditions during the period 
of incubation. When the organisms remained viable, their metabolic 
activity impeded the spontaneous rise in pH characteristic of sterile 
serum during incubation. When progressive destruction of the bac- 
teria occurred, an increasing alkalinity developed such as that observed 
in control specimens of serum which were uninoculated with organisms. 
The course of changes in pH was found to be, therefore, primarily 
dependent upon the streptococcidal activity of sera. By making 
repeated estimations during the test period, the pH, in many instances, 
was found to be sufficiently changed so that the hydrogen ion con- 
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centration became a contributing factor in the effect of the 
serum on streptococci. With the rise in pH (9. 2-9.5), which 
occurred during incubation in sera possessed of streptococcidal ac- 
tivity, a degree of alkalinity was reached, which, according to tests 
made with normal sera, may have contributed to the injurious effect 
of the former specimens. On the other hand, the viability and prob- 
able multiplication of organisms in normal sera served to maintain the 
pH at lower levels favorable for their survival. 

In the observations, therefore, made under aerobic conditions, in 
which the changes in pH were uncontrolled, the results illustrate the 
primary effect of the streptococcidal principle and the supplementary 
influence that may be introduced by the levels of hydrogen ion con- 
centration. 

In the light of the observations with respect to pH, it became neces- 
sary to control this factor in order to characterize more clearly the 
streptococcidal principle itself. The conditions were reasonably well 
fulfilled in experiments carried out in closed jars into which measured 
amounts of C0 2 were introduced. In spite of certain technical diffi- 
culties, the results have indicated the approximate ranges of pH at 
which the bactericidal property was active under the experimental 
conditions which were employed. As in all the studies concerning the 
bactericidal activity of sera against hemolytic streptococci, differences 
in results were conditioned by the potency of individual specimens of 
serum. In the present experiments, maintenance of streptococcidal 
activity was most marked only in alkaline ranges but the optimal level 
differed with individual specimens of serum. The most potent samples 
of serum remained active at about pH 7.9-8.2. With specimens of 
sera of less potent killing power, activity was evident when the pH 
was kept constant between 8.4 and 8.8. It may be seen, therefore, that, 
with the special type of procedures employed in the tests, the strepto- 
coccidal activity of sera functioned best at alkaline levels but that the 
stronger the sample of serum the lower the pH could be adjusted 
without impairing the bactericidal effect. 

As previously reported, 2 the inactivating effect of anaerobiosis on 
the streptococcidal phenomenon suggested the possibility that some 
factor relating to oxidation-reduction might influence the reaction. In 
studies directed toward the possible role of the oxidation-reduction 
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(b) The pH of patients’ sera, inoculated with hemolytic streptococci, 
progressed in the alkaline direction as did the sterile specimens. 

(c) The pH of normal sera, inoculated with hemolytic streptococci, 
pursued a variable course at lower levels than the sterile specimens. 
The differences in the changes in pH which occurred in streptococcidal 
sera and in normal controls were dependent upon and secondary to the 
presence or absence of killing action in the specimens. 

Aerobic Tests. Effect of Different Levels of Hydrogen Ion Concentra- 
tion , Adjusted at Beginning of Experiment, but Uncontrolled during 
Period of Incubation. — ( a ) The streptococcidal activity of patients’ 
sera was inactivated when the hydrogen ion concentration of the 
specimens was adjusted to levels ranging from 6.4 to 7.4. The inac- 
tivation of highly potent samples of sera required a greater reduction 
in pH than did specimens of moderate killing activity. ( b ) Normal 
sera, adjusted to pH 9.2 or higher, exhibited a relatively slowly acting 
bactericidal process, which seemed to represent the toxic effect of 
alkalinity. 

Aerobic Tests. Effect of Glutathione and Sodium Ascorbate. — The 
streptococcidal action of patients’ sera was markedly impaired by the 
addition of reducing agents. The inactivation was, in general, com- 
parable to that previously obtained under conditions of anaerobiosis. 
The results, suggesting that some factor pertaining to biological oxida- 
tion-reduction may influence the streptococcidal action of sera, have 
been discussed. 

Tests Performed in Closed Jars by Means of Which Relatively Constant 
pH Was Maintained dtiring the Period of Incubation. — Under the 
experimental conditions which were employed, the effectiveness of the 
streptococcidal action of patients’ sera was maintained only in alkaline 
ranges. The most potent specimens of sera were active at lower levels 
of pH (7 .9-8.2) than were other samples (S.4-S.8). 

All of the observations reported in this article were made with a 
strain of hemolytic streptococcus of the beta type, which is highly 
sensitive to the destructive action of serum from acutely ill patients. 



CHANGES IN BLOOD VESSELS (CAPILLARY FRAGILITY) 
WITH INFLAMMATION 

By ERNST ZANDER 

(From the Department of Pathology, Cornell University Medical College and New 
York Hospital, New York ) 

(Received for publication, August 5, 1937) 

The occurrence of hemorrhage in association with many forms of 
inflammation has suggested a study of changes in the vascular walls 
that favor the escape of red blood corpuscles. Inflammation of the 
cutis has been produced by a variety of means and the ability of the 
vessels to withstand mechanical injury produced by suction applied 
to the skin surface has been determined. 

Capillary bleeding can be produced by altering the relation between extra- 
and intracapillary pressure. When venous flow is obstructed by application of 
an elastic bandage to the arm intracapillary pressure is increased and petechiae 
occur. Rumpel (1) and Leede (2) discovered this phenomenon in patients with 
scarlet fever. Goethlin (3), Bayer (4), Bexelius (S), Walterhoefcr (6) and others 
have developed methods of measuring capillary fragility based on this phenome- 
non. Goethlin, Shultzer (7) and others found a marked increase in capillary 
fragility in patients suffering from scurvy and a somewhat increased tendency to 
capillary bleeding in patients who had a history of vitamin C deficiency in their 
diet, as in patients fed on a diet of milk, cream and cereals used in the treatment of 
peptic ulcer. Walterhoefcr found that the fail upon the forearm of a weight of 
130 gm. from a height of 35 cm. increased the number of petechiae which occur 
when an elastic bandage is applied to the arm. Bayer obtained an increased 
number of petechiae when he applied linen saturated with hot water for 5 minutes 
before application of the elastic bandage. He described increased capillary fra- 
Silky in skin areas of slight erythema produced by ultraviolet light. Bexelius 
found the number of petechiae somewhat increased when the patient took a hot 
steam bath shortly before he applied the elastic bandage. 

Hecht (8), Silva Mello (9), Dalldorf (10) and Cutter (11) produced capillary 
ceding by application of a partial vacuum to the skin. They used this suction 
test to recognize changes in the blood vessels with vitamin C deficiency. They 
etermined the lowest partial vacuum which suddenly applied to the skin produced 
petechiae, and counted their number. 
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In the following experiments, which have been done under the 
direction of Dr. E. L. Opie, suction is used as a measure of the injury 
required to produce hemorrhage. A vacuum applied to the skin of 
rabbits is slowly increased till the pressure reaches — 70 mm. Hg and 
this level is maintained until a uniform dark red hemorrhage composed 
of innumerable petechiae has occurred over the whole area subjected to 
the suction. The time necessary to produce this effect is an approxi- 
mate index of susceptibility of the capillary wall to hemorrhage, 
designated for convenience capillary fragility. 

Fig. 1 shows the suction apparatus that has been used. It consists of a water 
pump, two 2000 cc. glass bottles (I and II), a 500 cc. separator (III), a mercury 
manometer and a glass tube to apply the suction to the skin, all connected by 
means of heavy walled rubber tubes and connecting glass tubes. A high partial 
vacuum is made in the reservoirs I, II and III by means of a water pump. A 
number of stop-cocks transfer this pressure slowly or suddenly to the suction tube 
that is applied to the skin at the desired point. The pressure in the reservoirs 
can be measured by the manometer by turning the 3 w r ay cock D and opening 
stop-cock G. Stop-cock E is permanently adjusted so that air from the suction 
tube passes very slowly through it into vacuum reservoir III. By opening stop- 
cock F for about 1 minute the vacuum in the suction tube gradually increases 
until a pressure of —70 mm. Hg is reached. Continuity of the suction tube with 
vacuum reservoir I after stop-cock B is opened permits immediate production 
of vacuum in the suction tube. By opening stop-cock C air can be let into the 
suction tube and atmospheric pressure regained. The suction tube is a simple 
straight glass tube, 8 cm. long, 8 mm. in diameter and 1 mm. thick, carefully 
rounded at the end. Vaseline applied to the skin of the rabbit makes the junction 
between skin and tube air-tight. With the apparatus that has been described 
a vacuum applied to the skin remains at constant pressure for at least 1 hour. 

The hair of the rabbit has been clipped 24 hours before testing because shaving 
produces strong irritation of the skin. Rabbits weighing more than 2000 gm. have 
been used. Suction with gradually increasing vacuum produces gradually increas- 
ing hyperemia of the normal skin. When the suction test is applied to smaller 
rabbits with thin skin the hyperemia occasionally fails to occur and the observa- 
tions are unsatisfactory. It is found empirically by applying suction to the 
skin in several places on the same animal that a vacuum of —70 mm. Hg gives 
more constant results than suction with higher or lower pressures. 

With normal skin of the rabbit petechiae usually appear after 4 to 5 
minutes of suction and in most rabbits hemorrhage occurs after 8 
minutes over the whole area subjected to the suction. There are only 
slight differences in the results of the test applied to skin in different 



ERNST ZANDER 


639 



640 


CHANGES IN BLOOD VESSELS WITH INFLAMMATION 


places from the spine to the mammillary line. The suction provokes 
capillary bleeding more quickly when it is applied adjacent to pre- 
viously made hemorrhages and tests should be made at least 3 cm. 
apart. Suction time in subsequent experiments is the time required 
to produce the vascular injury that is revealed by hemorrhage. 

Suction causes hemorrhages into the skin of the legs after an interval 
of approximately 2 or 3 minutes longer than that required for their 
production on the flank of the animal. Hemorrhages in the skin of 
the ears are produced with difficulty by this method. In tests made on 
one animal daily for 7 days the time required for suction to produce 
hemorrhage varied from 9 to 12 minutes. 50 tests on 20 normal rab- 
bits, designated 1 to 20, produced hemorrhage after the time intervals 
shown in the tabulation. 


5 min. 

6 min. | 

7 min. 

8 min. 

9 min. 

10 min. 

11 min. 

IEE3S 

15 min. 

Rabbit 

Rabbit 

Rabbit 

Rabbit 

Rabbit I 

Rabbit 

Rabbit 

Rabbit 

Rabbit 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

11 

1 

3 

2 

2 

7 



14 


11 

3 

2 

6 

9 





17 

5 

3 


9 





17 

14 

4 

13 

19 

■ 




17 

IS 

4 


19 

1 





15 

5 







20 

16 

5 



MB 




20 

18 

7 








18 

7 









12 









12 









13 









14 









16 









16 

! 


BH 




Histological studies of the lesions produced in normal skin by suction 
of 8 minutes duration did not determine whether the capillary bleeding 
in the cutis was due to rupture or to diapedesis of red corpuscles. 

Inflammation Produced by a Chemical Irritant 

Changes in capillary fragility were studied at the site of inflamma- 
tion produced by a chemical irritant. Turpentine was diluted with 
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had been applied for 95 minutes and 25 minutes later hemorrhage 
appeared over the whole area of suction, but it was somewhat less 





Third injection 


1 r- 

24 48 


72 


~ 1 — 

96 


120 144 168 


Hours 
Fig. 3 


uniform and usually brighter red than that which occurs in normal 
skin. There was no difference in the result of suction when a high 
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vacuum (-300 mm. Hg) or the usual low vacuum (-70 mm. Hg) was 
used. After 6 hours when redness and edema of inflammation had 
appeared resistance to suction slightly greater than normal still re- 
mained. 12 hours after the injection the suction time was reduced to 
6 minutes and after 24 hours to 1 minute and 45 seconds. The 
increased susceptibility to bleeding with suction persisted for several 
days. The experiment was repeated on 5 rabbits and showed the 
same increase in capillary fragility which gradually disappeared after 
6 to 9 days. 



Inflammation produced by injection of other heat-killed bacteria 
caused similar changes. A bouillon culture of Staphylococcus aureus 
24 hours old was killed by heating to 60°C. for 30 minutes and 0.5 cc. 
was injected intracutaneously at each of 10 sites on the flanks of a 
rabbit. There was ill defined redness and edema after 24 hours. The 
suction test applied to the central parts of these lesions demonstrated 
(Rg. 4) that the time required to produce hemorrhage was greatly 
increased a half hour after the injection and was diminished below 
normal after 24 hours. Increased susceptibility to capillary bleeding 
disappeared after 48 hours. The time required to produce hemorrhage 
exceeded normal after 72 hours but later returned to approximately 
we normal level. 
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Inflammation produced by a suspension of beat-killed meningococci 
in saline solution containing approximately 2,000,000,000 bacteria 
per cc. was accompanied by similar changes in the rapidity with 
which hemorrhage was caused by suction. Intracutaneous injections 
of 0.2 cc. of the suspension produced redness and edema in 10 areas and 
these were tested by suction after different intervals following injec- 
tion. There was prolongation of suction time (75 minutes) preceding 
hemorrhage 30 minutes after injection and an increase in capillary 
fragility after 12 and 24 hours with suction times of 2 minutes and 
30 seconds and 4 minutes, respectively. The suction time had 
returned to normal (10 minutes) after 48 hours and after 72 hours 



exceeded this level (18 minutes) but later became approximately 
normal. 

Each of two rabbits received ten intracutaneous injections of 0.2 cc. 
of a heat-killed bouillon culture of pneumococcus which was originally 
obtained from a human case and then passed several times through 
rabbits until it was highly virulent for these animals. The resulting 
areas of redness and edema after 48 hours measured about 12 mm. 
across and were elevated 2 mm. .The results of the suction tests 
applied in the center of the lesions at the usual time intervals gave a 
curve (Fig. 5) similar to those of the foregoing experiments. Capillary 
resistance returned to normal after 48 hours. 
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series of 10 intracutaneous injections of the same amount of killed 
streptococcus was made in each of these rabbits. A half hour after 
injection, the primary prolongation of suction time required to produce 
bleeding was much less (Fig. 3, 3rd injection) than that observed in 
the lesions of the second series of injections, but it is not evident that 
this inhibition of resistance that ordinarily occurs soon after the injec- 
tion of an inflammatory irritant is characteristic of sensitization. A 
more constant change was the rapidity ■with which increased capillary 
fragility made its appearance. 

Similar changes in capillary fragility were found in another series 
of experiments in which rabbits were well sensitized to hemolytic 
streptococci. 9 rabbits received an intracutaneous injection of 0.1 cc. 
of a suspension of killed hemolytic streptococci daily for a week and no 



injections during the following week. A 2nd week of daily injections 
was followed by a week of rest. During a 3rd week of daily injections 
suction tests were applied to the lesions that were produced by the 
first of these daily injections. The lesion of 1 rabbit was tested 30 
minutes after the injection, the lesion of another rabbit after 6 hours, 
of a 3rd after 12 hours, of a 4th after 24 hours, of a 5th rabbit after 
2 days, of a 6th after 3 days, of a 7th after 4 days, of an 8th after 5 
days and of a 9th after 6 days. The same procedure was applied to 
the lesions produced by injections on the 2nd, 3rd, 4th, 5th and 6th 
day of this third series of daily injections. The average extent of 
redness and edema 48 hours after injection of killed streptococci was 
25 mm. in diameter and elevated 5 mm.; necrosis occurred in the cen- 
tral part of some lesions. The test was applied at the edge of the 
lesions where there was no necrosis. 
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as those with inflammation in normal animals. In animals sensitized 
to streptococci increased fragility has made its appearance sooner 
than in normal animals, but with the reaction to tuberculin in sensi- 
tized animals this acceleration has not been found. 

Shwartzman Phenomenon 

The Shwartzman phenomenon (13-15) occurs when an injection of 
certain toxic bacterial filtrates into the cutis is followed after 24 hours 
by the injection of the same substance into the circulating blood. A 
hemorrhagic lesion occurs at the site of the preparatory injection. 
Experiments were undertaken to determine if changes in capillary 
fragility at the site of this skin-preparatory injection render the tissues 
here susceptible to hemorrhage. 



Fig. 8 

Meningococcus filtrate was prepared by Dr. Jules Freund according 
to the method recommended by Shwartzman. 0.1 cc. of diluted 
filtrate (1 part filtrate and 2 parts physiological saline solution) was 
injected intracutaneously at 9 sites. Suction tests were applied at the 
edges of these lesions after it was found that the edema in the center 
protected the vessels from suction. Prolongation of the suction time 
30 minutes after injection was unusually slight. Greatly increased 
capillary fragility was evident at 6, 12 and 24 hours, the suction times 
required to produce hemorrhage being respectively 2 minutes, 1 
minute and 50 seconds and 1 minute and 20 seconds. At the sites of 
the preparatory injection after 24 hours edema and redness were 
approximately 15 mm. across and elevated 1 mm. At this time 1 cc. 
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of the undiluted filtrate was injected intravenously. 1 hour following 
the intravenous injection 2 of the 9 injected areas showed a slight 
purple discoloration and after about 3 hours all of them were the sites 
of hemorrhage of varying intensity. 

In a second experiment in which intracutaneous injections of 0.1 cc. 
of diluted (1:6) and an intravenous injection of 1 cc. undiluted menin- 
gococcus filtrate were used to produce the Shwartzman phenomenon 
similar increase in capillary fragility was associated with the occurrence 
of hemorrhagic lesions. In this experiment the preparatory lesions 
were less edematous and suction applied in the center of them pro- 
duced hemorrhage A hour after injection in 10 minutes, after 6 hours 



m 2 minutes and 30 seconds and after 24 hours in 1 minute and 40 
seconds. 

A similar experiment was made with typhoid filtrate prepared ac- 
cording to the method recommended by Shwartzman. 2 rabbits 
received intracutaneous injections of 0.2 cc. of the filtrate at 8 sites and 
the suction test was applied at the usual intervals. The preliminary 
Prolongation of suction time was less than that usually observed, 
’reatly increased capillary fragility was found after 6 hours, suction 
time being 1 minute and 30 seconds, although little edema was evident 
td this time. Unusual susceptibility to capillary hemorrhage could be 
emonstrated 12 and 24 hours after injection, the suction time after 
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24 hours being 40 seconds in the edematous lesions now 20 mm. in 
diameter and elevated 1 mm. After 2 hours following the intravenous 
injection of 4 cc. of the same filtrate, purple discoloration began to 
appear in these lesions and hemorrhage became evident. 

The preparatory injection used to produce the Shwartzman reaction 
produces changes in capillaries that increase their susceptibility to 
hemorrhage. These changes follow a sequence that is the same as 
that observed with other forms of inflammation (Koplik, 15), but capil- 
lary fragility produced by substances that elicit the Shwartzman 
phenomenon is unusually great. It is probable that the intravenous 
injection reaches by way of the blood stream injured capillaries at the 
site of inflammation produced by the preparatory injection and inten- 
sifies this injury so that hemorrhage results. 

CONCLUSIONS 

Suction with a partial vacuum of —70 mm. Hg applied to normal 
skin of rabbits causes intracutaneous hemorrhage after an average 
time of 8 minutes. 

Inflammation produced by various agents, including turpentine, 
killed streptococci, staphylococci, pneumococci or meningococci, and 
filtrates from cultures of meningococci or typhoid bacilli, produces 
a series of changes that are almost uniform. 

Immediately after injection of the irritant there is greatly increased 
resistance to the production of hemorrhage by suction so that the 
time required may be from V 2 hour to almost 2 hours. This increased 
resistance to suction applied to the surface of the skin is doubtless 
caused by contraction of blood vessels following injection of the 
irritant. 

The period of increased resistance is soon followed by diminished 
resistance of the vascular walls so that hemorrhage after 12 to 24 
hours following injection occurs within from 1 to 4 minutes of suction. 

The subsequent course of events varies; resistance of the vascular 
wall to suction, designated for convenience capillary fragility, may 
return to normal after from 2 to 9 days (observed with turpentine, 
streptococcus), or for several days may considerably exceed this level 
(observed -with staphylococcus, pneumococcus), or may remain at a 
low level for a week or more (observed with tuberculin). 
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